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Executive  Summary 


Five  simple  models  that  estimate  vertical  profiles  of  wind  speed  or  temperature 
in  the  boundary  layer  were  evaluated  by  comparing  their  predictions  with 
measured  data.  The  models  evaluated  consist  of  three  Monin-Obukhov 
similarity  algorithms  for  predicting  wind  speed  and  temperature,  a  p-profile 
algorithm  for  estimating  wind  speed,  and  an  inversion  algorithm  for  estimating 
temperature.  Data  for  the  study  were  collected  by  the  U.S.  Army  Research 
Laboratory  to  support  acoustic  propagation  experiments  at  Ft.  Bliss,  TX  in 
June  1990,  at  Champaign,  IL  in  July  and  August  1990,  and  at  White  Sands 
Missile  Range  (WSMR),  NM  in  July  and  August  1991.  All  three  locations 
were  instrumented  with  a  10-m  mast,  a  radiosonde  station,  and  a  Doppler  sodar 
in  close  proximity.  A  30-m  tower  was  also  situated  at  WSMR  within 
approximately  1  km  of  the  other  instrumentation. 

Fifteen-minute  averaged  tower  data  collected  at  one  or  two  heights  were  fed 
into  the  models  to  predict  wind  speed  and  temperature  at  other  measurement 
heights.  The  2-  and  8-m  data  collected  on  the  30-m  tower  was  used  to  predict 
data  at  the  other  three  tower  heights  of  4,  16,  and  30  m,  and  the  2-  and  10-m 
mast  data  was  used  to  predict  data  at  the  radiosonde  and  sodar  heights. 
Statistics  of  the  differences  between  the  measured  and  predicted  data  were 
computed  to  determine  the  accuracy  of  the  model  predictions  as  a  function  of 
altitude  and  time  of  day. 

Little  difference  was  found  among  the  predictions  of  the  three  similarity  models 
at  any  time  of  day  at  the  30-m  tower  heights  .  Between  0900  and  1900  MDT, 
there  was  good  agreement  between  the  similarity  model  predictions  and  the 
measured  tower,  sodar,  and  radiosonde  data  up  to  several  hundred  meters 
above  the  surface.  By  comparison,  the  p-profile  predictions  were  almost  the 
same  at  4  and  16  m,  somewhat  worse  at  30  m,  and  considerably  worse  at  50  m 
and  above.  The  day  inversion  model  estimates  were  much  less  comparable  at 
all  radiosonde  heights  within  the  first  several  hundred  meters. 
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At  night,  the  similarity  and  p-profile  models  gave  good  predictions  only  at 
4  and  16  m,  and  the  similarity  model  did  not  converge  to  a  solution  about  half 
of  the  time.  The  night  inversion  algorithm  comparabilities  were  better  at  all 
radiosonde  heights  above  200  m  at  WSMR  and  above  50  m  at  Ft.  Bliss  and 
Champaign. 


1.  Introduction 


A  knowledge  of  the  vertical  structure  of  wind  speed  and  temperature  in  the 
atmospheric  boundary  layer  is  required  for  many  applications.  This 
information  is  often  obtained  by  merging  available  in  situ  measurements 
collected  on  a  mast  or  tower  with  upper-air  data  collected  by  balloons  or 
remote  sensors.  There  may  be  gaps  in  the  data  depending  on  the 
instrumentation  used.  For  example,  there  is  usually  a  50-  to  several- 
hundred-meter  difference  between  the  highest  tower  measurement  and  the 
lowest  upper-air  measurement.  Data  at  some  heights  may  have  to  be  estimated 
from  measurements  at  other  altitudes. 

Five  models  that  can  be  used  for  this  purpose  were  evaluated  in  this  study. 
Three  models  use  the  similarity  hypothesis  of  Monin  and  Obukhov  [1]  to 
predict  temperature  and  wind  speed,  one  model  is  a  p-profile  for  estimating 
wind  speed,  and  another  is  an  inversion  algorithm  for  estimating  temperature. 
The  models  were  evaluated  using  tower,  sodar,  and  radiosonde  measurements 
collected  at  four  field  experiments.  Vertical  profiles  of  wind  speed  and 
temperature,  generated  by  the  models  using  one  or  two  levels  of  the  tower 
data,  were  statistically  compared  to  the  other  measured  data  to  determine  the 
relative  accuracies  of  the  model  predictions  as  a  function  of  altitude  and  time 
of  day. 
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2.  Instrument  Description  and  Data  Collection 

The  data  used  in  these  analyses  were  collected  by  the  U.S.  Army  Research 
Laboratory  to  support  four  acoustic  propagation  experiments.  The  first 
experiment  was  conducted  June  4  to  25,  1990,  at  Ft.  Bliss,  TX,  the  second  was 
held  near  Champaign,  IL  July  23  to  August  3,  1990;  and  the  other  two  were 
conducted  at  Dirt  Site  in  the  extreme  southeast  corner  of  White  Sands  Missile 
Range  (WSMR),  NM  July  11  to  29  and  August  19  to  29,  1991. 

WSMR  is  located  in  the  south,  central  part  of  the  state  within  a  broad  basin 
between  two  mountain  ranges.  The  climate  and  vegetation  are  typical  of  the 
southwestern  U.S.  desert.  The  main  Dirt  Site  test  range,  consisting  of  a 
rectangle  approximately  200-m  wide  and  2-km  long,  has  been  plowed  several 
times  in  the  past  15  years  to  support  earlier  experiments,  so  the  area  is  rather 
flat  with  vegetation  generally  less  than  1-m  high.  It  is  surrounded  by  mesquite- 
covered  sand  hills  between  1.5-  and  2.5-m  high.  The  site  elevation  is  about 
1260-m  above  sea  level. 

The  Ft.  Bliss  site  is  approximately  15  km  east  of  the  WSMR  location. 
Vegetation  and  topography  are  similar  to  the  unplowed  portion  of  the  WSMR 
site.  The  elevation  is  somewhat  higher  at  about  1390-m  above  sea  level. 

Champaign,  IL  is  situated  in  the  prairie  regions  of  the  east,  central  portion  of 
the  state.  The  test  area  is  a  flat,  mostly  treeless  plain  with  thick  grass 
approximately  .6-m  high.  Site  elevation  is  about  210  m. 

It  was  very  warm  and  dry  during  the  Ft.  Bliss  experiment.  The  average  daily 
maximum  2-m  temperature  was  approximately  36  °C,  and  the  average 
dewpoint  was  about  4  °C.  It  was  somewhat  cooler  and  more  humid  at  the 
other  two  tests.  Mean  maximum  daily  temperatures  were  31  °C  at  WSMR  and 
27  °C  at  Champaign,  and  the  average  dewpoints  were  approximately  14  and 
16  °C  at  WSMR  and  Champaign,  respectively. 

All  three  locations  were  instrumented  with  a  10-m  tower,  a  radiosonde  station, 
and  a  Doppler  sodar  in  close  proximity.  At  WSMR,  there  was  also  a  30-m 
tower  approximately  1  km  south  of  the  other  equipment. 
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The  30-m  tower  was  instrumented  at  2,  4,  8,  16,  and  30  m  with  temperature 
sensors  and  propeller  anemometers.  Relative  humidity  was  measured  at  2  and 
30  m.  The  data  were  averaged  for  15-min  periods  before  being  recorded. 
During  the  two  acoustic  propagation  experiments,  measurements  were  collected 
only  when  personnel  were  at  the  site  supporting  the  tests.  Approximately 
107  h  of  data  were  collected  during  the  July  test,  and  about  144  h  were 
collected  during  the  August  experiment.  Data  were  also  recorded  continuously 
and  unattended  between  the  two  experiments  from  July  30  to  August  13.  A 
total  of  about  610  h  of  data  was  collected  between  July  11  and  August  29. 

The  10-m  masts  were  instrumented  at  1,  2,  and  10  m.  Wind  speed  and 
direction  were  measured  by  cup  and  vane  anemometers,  and  temperature  data 
were  measured  with  thermocouples.  At  WSMR,  15-min  averaged  data  were 
collected  every  day  between  July  9  and  August  31.  Except  for  two  days, 
measurements  were  recorded  24  h  per  day.  Fifteen-minute  data  were  recorded 
24  h  per  day  on  June  1  to  12  and  June  13  to  25  at  Ft.  Bliss  and  on  July  23 
to  27,  30,  31,  and  August  1  to  3  at  Champaign. 

Doppler  sodars  were  used  to  remotely  measure  wind  parameters  using  acoustic 
sounding.  One  vertical  and  two  tilted  beams  are  transmitted  upward.  Changes 
in  the  acoustic  refractive  index  caused  by  temperature  fluctuations  scatter  some 
of  this  energy  back  to  the  antennas.  Doppler  shifts  in  the  backscattered  signals 
are  used  to  derive  wind  velocities  along  the  three  beam  paths.  Horizontal  wind 
speeds  and  directions  are  calculated  from  the  radial  velocities.  At  WSMR, 
15-min  averaged  wind  data  were  collected  at  12  heights,  50  m  apart,  from 
50  to  600  m  above  the  surface  on  most  days  between  July  12  and  August  31. 
More  than  23  h  of  data  were  recorded  during  43  of  the  51  days.  At  Ft.  Bliss 
and  Champaign,  15-min  averaged  data  were  collected  at  15  heights,  50  m 
apart,  from  60  to  760  m  above  the  surface.  Data  were  collected  during 
14  days  between  June  4  and  June  25  at  Ft.  Bliss  and  every  day  between  July 
21  and  August  2  at  Champaign.  Approximately  244  and  279  h  of  sodar  data 
were  collected  at  Champaign  and  Ft.  Bliss,  respectively. 

Two  different  radiosonde  systems  were  used.  For  the  Ft.  Bliss,  Champaign, 
and  July  WSMR  experiment,  an  automatic  radio  theodolite  system  was 
deployed  consisting  of  a  1680-MHz  sonde  tracked  by  an  automatic  radio 


theodolite  using  a  phase  array  antenna.  Height,  temperature,  humidity,  and 
balloon-to-ground  azimuth  and  elevation  angles  were  recorded  for  every 
4  to  5  s  of  flight.  Wind  data  were  computed  using  the  height  and  angle  data 
for  1-min  layers.  For  the  last  experiment  in  August,  an  Omega  Navaid  system 
was  substituted  to  collect  data  at  greater  heights.  Measurements  were  provided 
for  every  10  s  of  flight.  The  winds  were  calculated  for  4-min  layers. 
Fifty-eight  radio  theodolite  soundings  were  flown  at  Ft.  Bliss,  41  flights  were 
released  at  Champaign,  and  33  soundings  were  flown  at  the  July  WSMR 
experiment.  Each  flight  was  tracked  to  about  5  km.  Seven  Omega  sondes, 
tracked  to  15  to  20  km,  were  released  during  the  August  1991  WSMR 
experiment. 
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3.  Description  of  the  Models 


3.1  Similarity  Models 


Three  models  based  on  the  Monin-Obukhov  hypothesis  were  tested.  Two  of 
these  use  a  linear-quartic  approach  named  the  O’KEYPS  representation  by 
Yaglom  [2]  from  the  initials  of  the  inventors  Obukhov,  [3]  Kanzanski  and 
Monin,  [4]  Ellison,  [5]  Yamamoto,  [6]  Panofsky,  [7]  and  Sellers.  [8]  Within 
the  surface  layer,  the  change  in  wind  speed  V  and  the  potential  temperature  6 
with  respect  to  height  z  is 


dV  =  z 

dz  kz  (Pm  L 


(1) 


dd 

dz 


(2) 


where 


u, 

T» 

k 

0m  and  0H 
L 


=  the  friction  velocity 
=  a  scaling  temperature 
=  von  Karman’s  constant  (=  .4) 

=  the  dimensionless  wind  shear  and  temperature  gradient 
=  the  Monin-Obukhov  length. 


Integrating  equations  (1)  and  (2)  results  in  the  following  expressions 


(3) 
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(4) 


0  =  0O 


where 

z0  =  the  roughness  length. 


These  equations  can  also  be  expressed  as  a  difference  in  wind  speed  and 
potential  temperature  at  two  levels  as  follows: 
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The  Monin-Obukhov  length  L  can  be  computed  from 


L  = 


(7) 


where 

f  =  the  mean  temperature 
g  =  the  gravitational  acceleration. 

Several  different  investigators  have  developed  analytic  expressions  for  the 
terms  \J/m  and  \pH.  In  this  study,  these  equations  from  Panofsky  and  Dutton  [9] 
were  used  for  stable  conditions: 
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For  unstable  conditions,  the  following  expressions  from  Paulson  [10]  were 
used: 

*  fil  =  -21n  tel  -  in  Ml  ♦  2tan-'« 
m  L  2  2 

7T 

I 

,  fzi  .  ra-v 

^[ij  ‘  _21nL— J 

*  =  ? 

Li 

In  both  of  the  O’KEYPS  algorithms,  an  iterative  method  is  used  to  solve  for 
wind  speed  and  potential  temperature.  One  technique,  described  by 
Wilson,  [11]  requires  temperature  data  at  two  heights,  wind  speed  data  at  one 
height,  and  an  estimate  of  the  roughness  height  z0  as  input.  Equations  (3)  and 
(6)  are  first  solved  for  u,  and  T,  by  assuming  that  the  diabatic  terms  \pm  and  i pH 
are  zero.  Equation  (7)  is  then  used  to  compute  L.  The  diabatic  terms  are 
calculated  using  equations  (8)  or  (9)  which  is  then  used  to  compute  u*  and  T* 
again  using  equations  (3)  and  (6).  This  process  is  repeated  until  L  converges. 
After  the  three  scaling  parameters  have  been  determined,  the  wind  speed  and 
potential  temperature  at  any  selected  height  can  then  be  computed  using 
equations  (3),  (6),  (7),  (8),  and  (9).  Generally,  only  a  few  iterations  are 
required.  Convergence  is  much  more  likely  to  occur  during  the  day  than  at 
night. 
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The  other  O’KEYPS  method  is  a  modification  of  this  technique  using  two 
levels  of  wind  and  temperature  measurements.  Equation  (6)  is  used  to  calculate 
u»  instead  of  equation  (1)  eliminating  the  need  to  estimate  the  roughness  length. 
Otherwise,  the  computation  procedure  is  the  same. 


The  third  similarity-based  technique  tested  was  developed  by 
Rachele  et  al.  [12]  and  is  named  the  Mariah  method.  In  this  approach,  the 
scaling  parameters  are  calculated  directly  without  iteration. 


The  parameters  u,  and  0,  are  determined  from  the  discrete  form  of 
equations  (1)  and  (2)  listed  below: 


u  „  = 


k  AV 
<t>m  A  In  z 


(10) 
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Defining  z  *  =  - ,  4>m  and  </>H  are  computed  for  the  unstable  surface  layer 

Ain  z 

(.£  <0)  as  follows: 
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(14) 


ev(AV)2 

[A  0  +  0.61  0  A  q]  g  Alnz 


where 

q  =  the  specific  humidity 

0V  =  the  virtual  potential  temperature  (0V  =  0(1  +  .61q)). 

7  * 

For  stable  conditions  ( —  >0) 

L/ 

<15> 


L  =  —  -  5z*  (16) 

2 


2  9,(AV)2 

g  [  A0  +  0.61  0  Aq]  A  lnz 


(17) 


The  above  equations  for  4>m  and  $H  can  be  substituted  into  equations  (1)  and 
(2),  which  are  then  integrated  to  form  expressions  similar  to  equations  (5),  (6), 
(8),  and  (9).  These  are  used  with  equations  (10)  through  (17)  to  calculate  wind 
speed  and  potential  temperature  as  a  function  of  height. 

This  method  for  determining  the  similarity  scaling  constants  is  new,  although 
based  on  traditional  concepts  of  similarity.  It  will  be  shown  that  the  results 
obtained  by  using  Mariah  are  equivalent  to  those  using  the  O’KEYPS  method. 
The  advantages  of  employing  the  Mariah  approach  are  (1)  the  algorithm 
executes  quickly  without  laborious  iterative  schemes  imbedded  into  the 
program,  (2)  as  many  or  as  few  levels  of  tower  data  as  are  available  can  be 
used  to  determine  layer-averaged,  similarity  profile  structure,  and  (3)  while  in 
use,  the  similarity  premise  of  stationarity  is  preserved. 
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3.2 


P-Profile 


The  vertical  profile  of  wind  speed  with  height  was  also  estimated  with  p-profile 
curves.  This  concept  was  first  postulated  by  Frost.  [13]  The  wind  speed  S  at 
level  z  is  defined  as 


S 


(18) 


where 

S0  =  the  wind  speed  at  the  height  z0. 

The  exponent  p  is  fitted  to  the  measured  wind  speeds  at  two  selected  heights. 

3.3  Inversion  Model 

This  model  was  developed  by  Hopfer  and  Blanco  [14]  to  predict  upper-air 
temperatures  and  pressure  using  24  h  of  in  situ  tower  measurements.  Only  the 
temperature  predictions  were  considered  in  this  study.  An  estimated 
temperature  profile  is  created  by  applying  a  boundary  layer  correction  to  a 
U.S.  Standard  Atmosphere  profile  adjusted  to  the  mean  24-h  temperature.  The 
equation  is  as  follows: 

T(z,t)  =  Tsld(z)  +  A  T(z,t)  (19) 


where 

Tstd  =  the  adjusted  standard  atmosphere 

A T(z,t)  =  the  correction. 
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In  the  version  used  in  this  study,  this  boundary-layer  offset  is  determined  as 
follows: 


A  T(z,t)  =  Ce~K 
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TT 

24 K 
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"24" 


+  fi„sin 
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(20) 


where 

K 

An  and  Bn 


the  heat  exchange  coefficient 

Fourier  coefficients  fitted  to  24  h  of  10-m  tower 

temperature  measurements. 
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4.  Comparison  of  Model  Estimates  with  Measured  Data 


4.1  Tower  Data  Comparison 

The  relative  accuracies  of  the  p-profile  and  similarity  models  at  heights  close 
to  the  surface  were  investigated  using  the  15-min  averaged  30-m  tower  data 
collected  at  WSMR.  Wind  speed  and  temperature  measured  at  2  and  8  m  were 
used  to  predict  the  same  parameters  at  the  other  three  tower  levels  at  4,  16, 
and  30  m.  Means,  standard  deviations,  and  root-mean-squares  (rms)  of  the 
differences  between  these  predictions  and  the  measured  data  at  the  three  levels 
were  computed  for  each  2-h  period  of  the  day. 

Statistics  for  the  three  similarity  models  are  shown  in  table  1.  The  rms 
differences  are  also  plotted  versus  time  of  day  in  figures  1  through  6.  The 
O’KEYPS  technique,  using  two  levels  of  wind  speed  and  temperature,  is 
labeled  Similarity  #1.  The  other  O’KEYPS  algorithm,  using  temperature  at 
2  and  8  m,  wind  speed  at  2  m,  and  a  roughness  height  estimate  of  .15  m,  is 
named  Similarity  #2.  Similarity  #3  is  the  Mariah  method  using  wind  speed  and 
temperature  at  2  and  8  m  and  relative  humidity  and  pressure  at  2  m.  Only  data 
in  which  all  three  methods  converged  to  a  solution  were  used  in  this  analysis, 
so  that  the  statistics  for  each  method  were  computed  using  the  same 
measurements.  Little  difference  was  found  among  the  predictions  of  the  three 
techniques.  In  particular,  the  Mariah  and  Similarity  #1  statistics  were  almost 
identical.  Therefore,  in  all  the  other  analyses  described  in  this  paper  only  the 
Similarity  #1  method  was  tested  and  is  referred  to  simply  as  the  similarity 
method. 

The  same  statistical  comparison  among  the  similarity,  p-profile,  and  linear  fit 
algorithms  is  shown  in  table  2  and  figures  7  through  12.  The  linear  fit  is 
simply  an  interpolation  or  extrapolation  along  a  line  drawn  between  the  2  and 
8-m  measurements.  Again,  the  three  sets  of  statistics  were  computed  using  the 
same  data. 

The  best  estimates  were  given  by  the  similarity  model.  The  rms  wind  speed 
and  temperature  differences  between  the  predicted  and  measured  data  were 
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.2  to  .3  m  s"1  and  .1  to  .3  °C,  respectively,  at  4  m;  and  .4  to  .7  m  s'1  and 
.2  to  .4  °C,  respectively,  at  16  m.  There  was  not  much  diurnal  variation  at 
these  two  heights.  At  30  m,  however,  the  night  statistics  were  considerably 
poorer  than  the  day  statistics.  Rms  wind  speed  differences  were  .5  to  1 .0  m  s1 
during  the  day  and  approximately  1.5  ms1  at  night.  Temperature  rms 
differences  at  30  m  were  .4  to  .6  °C  and  1.0  to  1.5  °C  during  the  day  and 
night,  respectively.  These  results  indicate  that  the  night  similarity  estimates  are 
not  very  accurate  above  16  m  because  of  the  shallowness  of  the  surface 
boundary  layer  during  those  times.  Another  problem  at  night  is  the  fact  that 
the  similarity  algorithm  often  fails  to  converge  to  a  solution.  In  this  study,  a 
solution  was  obtained  about  50  percent  of  the  time  during  the  early  morning 
hours  before  dawn  and  90  to  96  percent  of  the  time  during  midday. 

Agreement  between  the  p-profile  predictions  and  the  measured  data  was 
somewhat  poorer.  Compared  to  the  similarity  rms  differences,  the  p-profile 
rms  differences  were  about  the  same  at  4  m,  slightly  greater  at  16  m,  and  as 
much  as  .5  m  s'1  higher  at  30  m.  The  statistics  of  both  models  had  a  similar 
diurnal  variation. 

The  linear  fit  estimates  were  less  comparable  to  the  measured  data  than  either 
the  p-profile  or  similarity  estimates  for  all  heights  and  times  of  day.  Linear 
interpolations  to  4  m  were  only  slightly  worse  than  the  other  predictions,  but 
the  linear  extrapolations  to  16  and  30  m  were  considerably  less  accurate.  The 
rms  temperature  differences  between  the  linear  fit  estimates  and  the  measured 
data  were  lowest  at  night  and  highest  during  the  day,  reversing  the  pattern  for 
the  similarity  model. 


Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms 


Jul  11  -  Aug  29,  1991 
0000  -  0200  MDT 


Wind  Sneed  (mis) 

Temn  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NFTS 

4-m  Sim  #1  meas 

.03 

.34 

.35 

-.04 

.04 

.06 

95 

4-m  Sim  #2  meas 

-.04 

.35 

.36 

-.04 

.04 

.06 

95 

4-m  Sim  #3  meas 

.02 

.35 

.35 

-.04 

.04 

.06 

95 

16-m  Sim  #1  meas 

.18 

.61 

.63 

.02 

.14 

.14 

95 

16-m  Sim  #2  meas 

.23 

.59 

.63 

.02 

.14 

.14 

95 

16-m  Sim  #3  meas 

.18 

.61 

.63 

.02 

.14 

.14 

95 

30-m  Sim  #\  meas 

.69 

1.00 

1.2 

1.19 

.29 

.34 

95 

30-m  Sim  #2  meas 

.77 

.95 

1.22 

.17 

.35 

.39 

95 

30-m  Sim  #3  meas 

.72 

1.00 

1.23 

.20 

.30 

.35 

95 

0200  - 

0400 

MDT 

Wind 

Sneed  (m/s) 

Temn  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

-.07 

.20 

.21 

-.07 

.15 

.16 

73 

4-m  Sim  #2  meas 

-.14 

.26 

.30 

-.07 

.15 

.17 

73 

4-m  Sim  #3  meas 

-.07 

.20 

.21 

-.07 

.15 

.16 

73 

16-m  Sim  #1  meas 

.23 

.54 

.59 

.06 

.27 

.28 

73 

16-m  Sim  #2  meas 

.28 

.52 

.59 

.05 

.29 

.30 

73 

16-m  Sim  #3  meas 

.24 

.55 

.60 

.06 

.28 

.28 

73 

30-m  Sim  #1  meas 

.73 

.87 

1.13 

.22 

.72 

.75 

73 

30-m  Sim  #2  meas 

.81 

.86 

1.18 

.21 

.84 

.86 

73 
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Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms  (continued) 


Jul  11  -  Aug  29,  1991 
0400  -  0600  MDT 


Wind  Speed  Cm/sl 

Temp  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPIS 

4-m  Sim  #1  meas 

-.02 

.26 

.26 

-.05 

.04 

.06 

74 

4-m  Sim  til  meas 

-.05 

.26 

.27 

-.04 

.04 

.06 

74 

4-m  Sim  #3  meas 

-.03 

.26 

.26 

-.05 

.04 

.06 

74 

16-m  Sim  til  meas 

.31 

.51 

.60 

.02 

.14 

.14 

74 

16-m  Sim  til  meas 

.33 

.46 

.57 

.01 

.14 

.14 

74 

16-m  Sim  #3  meas 

.32 

.51 

.60 

.02 

.14 

.14 

74 

30-m  Sim  til  meas 

.73 

.78 

1.07 

.06 

.39 

.40 

74 

30-m  Sim  til  meas 

.75 

.73 

1.05 

.04 

.39 

.39 

74 

30-m  Sim  #3  meas 

.77 

.78 

1.10 

.07 

.39 

.40 

74 

0600  - 

0800  MDT 

Wind  Speed  (m/s)  Temp  (°G 


Mean 

STDV 

rms 

Mean 

~ 

STDV 

rms 

NPTS 

4-m  Sim  til  meas 

-.03 

.30 

.30 

.09 

.12 

.15 

100 

4-m  Sim  til  meas 

-.05 

.35 

.35 

.09 

.12 

.15 

100 

4-m  Sim  #3  meas 

-.03 

.30 

.30 

.09 

.11 

.14 

100 

16-m  Sim  til  meas 

.06 

.42 

.42 

-.05 

.19 

.20 

100 

16-m  Sim  til  meas 

.07 

.40 

.41 

-.05 

.19 

.19 

100 

16-m  Sim  #3  meas 

.06 

.42 

.42 

-.05 

.20 

.20 

100 

30-m  Sim  til  meas 

.12 

.75 

.76 

-.08 

.44 

.45 

100 

30-m  Sim  til  meas 

.14 

.69 

.70 

-.09 

.44 

.45 

100 
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Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms  (continued) 


Julll-  Aug  29,  1991 
0800  -  1000  MDT 


Wind  Speed  (Ws)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NFTS 

4-m  Sim  #1  meas 

-.02 

.20 

.20 

.20 

.14 

.24 

185 

4-m  Sim  #2  meas 

-.12 

.29 

.31 

.20 

.14 

.24 

185 

4-m  Sim  #3  meas 

-.02 

.20 

.20 

.18 

.13 

.22 

185 

16-m  Sim  #1  meas 

.08 

.34 

.34 

-.17 

.18 

.25 

185 

16-m  Sim  #2  meas 

.16 

.32 

.36 

-.17 

.17 

.24 

185 

16-m  Sim  #3  meas 

.09 

.34 

.35 

-.21 

.20 

.29 

185 

30-m  Sim  #1  meas 

.09 

.47 

.48 

-.14 

.26 

.29 

185 

30-m  Sim  #2  meas 

.24 

.45 

.51 

-.14 

.26 

.29 

185 

30-m  Sim  #3  meas 

.10 

.47 

.48 

-.18 

.28 

.33 

185 

1000- 

1200  MDT 

Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

.00 

.18 

.18 

.27 

.16 

.32 

186 

4-m  Sim  #2  meas 

-.12 

.29 

.31 

.28 

.16 

.32 

186 

4-m  Sim  #3  meas 

.00 

.18 

.18 

.25 

.16 

.29 

186 

16-m  Sim  #1  meas 

.04 

.37 

.37 

-.23 

.24 

.33 

186 

16-m  Sim  #2  meas 

.14 

.35 

.38 

-.23 

.24 

.33 

186 

16-m  Sim  #3  meas 

.05 

.37 

.37 

-.29 

.25 

.38 

186 

30-m  Sim  #1  meas 

.04 

.62 

.62 

-.09 

.32 

.33 

186 

30-m  Sim  #2  meas 

.22 

.59 

.62 

-.09 

.32 

.33 

186 
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Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms  (continued) 


Jul  11  -  Aug  29,  1991 
1200  -  1400  MDT 


Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

-.03 

.24 

.24 

.24 

.19 

.30 

174 

4-m  Sim  #2  meas 

-.13 

.32 

.35 

.24 

.19 

.31 

174 

4-m  Sim  #3  meas 

-.02 

.24 

.24 

.22 

.19 

.29 

174 

16-m  Sim  #1  meas 

.15 

.51 

.53 

-.20 

.36 

.41 

174 

16-m  Sim  #2  meas 

.24 

.48 

.53 

-.20 

.35 

.41 

174 

16-m  Sim  #3  meas 

.16 

.51 

.54 

-.25 

.37 

.45 

174 

30-m  Sim  #1  meas 

.14 

.66 

.67 

-.02 

.43 

.43 

174 

30-m  Sim  #2  meas 

.30 

.60 

.67 

-.02 

.43 

.43 

174 

30-m  Sim  #3  meas 

.15 

.66 

.68 

-.08 

.44 

.45 

174 

1400  - 

1600  MDT 

Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

— -  -r  v - j- 

STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

.00 

.32 

.32 

.19 

.16 

.25 

191 

4-m  Sim  til  meas 

-.15 

.47 

.50 

.20 

.16 

.26 

191 

4-m  Sim  #3  meas 

.00 

.32 

.32 

.17 

.16 

.23 

191 

16-m  Sim  #1  meas 

.12 

.74 

.75 

-.14 

.25 

.28 

191 

16-m  Sim  #2  meas 

.25 

.65 

.69 

-.14 

.24 

.28 

191 

16-m  Sim  #3  meas 

.13 

.74 

.75 

-.18 

.26 

.32 

191 

30-m  Sim  #1  meas 

.18 

1.05 

1.06 

.01 

.36 

.36 

191 

30-m  Sim  til  meas 

.41 

.86 

.95 

-.01 

.36 

.36 

191 
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Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms  (continued) 


Jul  11  -  Aug  29,  1991 
1600  -  1800  MDT 


Wind  Speed  (m/sl_ 

Temp  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

.04 

.31 

.31 

.07 

.25 

.26 

192 

4-m  Sim  #2  meas 

-.11 

.44 

.45 

.07 

.26 

.27 

192 

4-m  Sim  #3  meas 

.04 

.31 

.31 

.06 

.25 

.26 

192 

16-m  Sim  #1  meas 

.06 

.66 

.66 

-.09 

.33 

.35 

192 

16-m  Sim  #2  meas 

.19 

.58 

.61 

-.10 

.33 

.34 

192 

16-m  Sim  #3  meas 

.07 

.66 

.66 

-.12 

.34 

.36 

192 

30-m  Sim  #1  meas 

.18 

.86 

.88 

-.01 

.57 

.57 

192 

30-m  Sim  #2  meas 

.42 

.75 

.86 

-.02 

.56 

.56 

192 

30-m  Sim  #3  meas 

.19 

.86 

.88 

-.04 

.58 

.58 

192 

1800- 

2000  MDT 

Wind 

Sneed  (m/s) 

Temp  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

.03 

.33 

.33 

.01 

.14 

.14 

131 

4-m  Sim  #2  meas 

-.08 

.42 

.42 

.01 

.15 

.15 

131 

4-m  Sim  #3  meas 

.03 

.33 

.33 

.00 

.14 

.14 

131 

16-m  Sim  #1  meas 

.11 

.74 

.75 

-.06 

.37 

.37 

131 

16-m  Sim  #2  meas 

.20 

.68 

.71 

-.06 

.37 

.37 

131 

16-m  Sim  #3  meas 

.11 

.74 

.75 

-.07 

.37 

.38 

131 

30-m  Sim  #1  meas 

.31 

.92 

.97 

-.01 

.50 

.50 

131 

30-m  Sim  #2  meas 

.49 

.84 

.97 

-.01 

.49 

.49 

131 
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Table  1.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
three  Monin-Obukhov  similarity  algorithms  (continued) 


Jul  11  -  Aug  29,  1991 
2000  -  2200  MDT 


Wind  Speed  fm/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NFTS 

4-m  Sim  #1  meas 

.05 

.31 

.31 

-.07 

.13 

.15 

78 

4-m  Sim  #2  meas 

-.01 

.42 

.42 

-.07 

.13 

.15 

78 

4-m  Sim  #3  meas 

.05 

.31 

.31 

-.07 

.13 

.15 

78 

16-m  Sim  #1  meas 

.15 

.63 

.65 

-.05 

.33 

.33 

78 

16-m  Sim  #2  meas 

.21 

.61 

.65 

-.05 

.32 

.33 

78 

16-m  Sim  #3  meas 

.16 

.63 

.65 

-.05 

.33 

.33 

78 

30-m  Sim  #1  meas 

.71 

.85 

1.11 

.09 

.60 

.60 

78 

30-m  Sim  #2  meas 

.81 

.78 

1.12 

.11 

.62 

.63 

78 

30-m  Sim  #3  meas 

.73 

.86 

1.13 

.10 

.60 

.61 

78 

2200  - 

2400  MDT 

Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  Sim  #1  meas 

.06 

.36 

.36 

-.05 

.05 

.07 

98 

4-m  Sim  #2  meas 

-.04 

.47 

.47 

-.05 

.04 

.07 

98 

4-m  Sim  #3  meas 

.06 

.36 

.36 

-.05 

.05 

.07 

98 

16-m  Sim  #1  meas 

.20 

.72 

.74 

-.01 

.16 

.16 

98 

16-m  Sim  #2  meas 

.29 

.61 

.67 

-.02 

.17 

.17 

98 

16-m  Sim  #3  meas 

.21 

.72 

.75 

-.01 

.16 

.16 

98 

30-m  Sim  #1  meas 

.61 

1.22 

1.37 

.06 

.35 

.36 

98 

30-m  Sim  #2  meas 

.77 

.96 

1.23 

.05 

.38 

.38 

98 
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RMS  DIFFERENCE  BETWEEN 
4M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  1.  Rms  differences  between  measured  4-m  wind  speeds  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 
algorithms. 


RMS  WIND  SPEED  DIFFERENCE  (MPS) 


RMS  DIFFERENCE  BETWEEN 
16M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  2.  Rms  differences  between  measured  16-m  wind  speeds  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 
algorithms. 
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RMS  DIFFERENCE  BETWEEN 
30M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  3.  Rms  differences  between  measured  30-m  wind  speeds  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 


algorithms. 


RMS  TEMPERATURE  DIFFERENCE  (DEG-C) 


RMS  DIFFERENCE  BETWEEN 
4M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  4.  Rms  differences  between  measured  4-m  temperatures  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 
algorithms. 
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RMS  TEMPERATURE  DIFFERENCE  (DEG-C) 


RMS  DIFFERENCE  BETWEEN 
16M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  5.  Rms  differences  between  measured  16-m  temperatures  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 
algorithms. 


> 
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RMS  TEMPERATURE  DIFFERENCE  (DEG-C) 


RMS  DIFFERENCE  BETWEEN 
30M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  6.  Rms  differences  between  measured  30-m  temperatures  and  values 
estimated  from  2-  and  8-m  measurements  using  three  Monin-Obukhov  similarity 
algorithms. 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits 


Julll-  Aug  29,  1991 
0000  -  0200  MDT 


Wind  Speed  (m/s)  Temp  C0C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

.01 

.32 

.32 

-.04 

.06 

.07 

118 

4-m  linear  meas 

-.14 

.32 

.35 

-.08 

.06 

.10 

118 

4-m  p-prof  meas 

-.01 

.32 

.32 

118 

16-m  simil  meas 

.22 

.63 

.66 

.08 

.28 

.29 

118 

16-m  linear  meas 

.98 

.84 

1.29 

.29 

.39 

.49 

118 

16-m  p-prof  meas 

.24 

.71 

.75 

118 

30-m  simil  meas 

.80 

1.18 

1.42 

.36 

.78 

.86 

118 

30-m  linear  meas 

3.27 

2.04 

3.85 

1.06 

1.20 

1.60 

118 

30-m  p-prof  meas 

.73 

1.46 

1.63 

118 

0200  - 

0400  MDT 

• 

Wind  Speed  fm/s)  Temp  (°G 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

-.06 

.22 

.23 

-.08 

.22 

.23 

104 

4-m  linear  meas 

-.20 

.23 

.31 

-.13 

.24 

.28 

104 

4-m  p-prof  meas 

-.08 

.22 

.23 

104 

16-m  simil  meas 

.32 

.61 

.69 

.13 

.44 

.45 

104 

16-m  linear  meas 

1.01 

.77 

1.27 

.36 

.56 

.67 

104 

16-m  p-prof  meas 

.31 

.65 

.72 

104 

30-m  simil  meas 

.98 

1.17 

1.53 

.54 

1.38 

1.49 

104 

30-m  linear  meas 

3.25 

1.72 

3.68 

1.30 

1.87 

2.27 

104 

30-m  p-prof  meas 

.82 

1.28 

1.52 

104 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits  (continued) 


Julll-  Aug  29,  1991 
0400  -  0600  MDT 


Wind  Speed  fm/s') 

Temp  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  simil  meas 

-.02 

.24 

.24 

-.05 

.05 

.07 

98 

4-m  linear  meas 

-.17 

.27 

.32 

-.09 

.06 

.11 

98 

4-m  p-prof  meas 

-.05 

.26 

.27 

98 

16-m  simil  meas 

.36 

.50 

.61 

.10 

.32 

.34 

98 

16-m  linear  meas 

1.09 

.74 

1.32 

.31 

.42 

.52 

98 

16-m  p-prof  meas 

.39 

.65 

.76 

98 

30-m  simil  meas 

.99 

1.05 

1.44 

.34 

.95 

1.01 

98 

30-m  linear  meas 

3.38 

1.76 

3.82 

1.05 

1.28 

1.65 

98 

30-m  p-prof  meas 

.99 

1.58 

1.86 

98 

0600  - 

0800  MDT 

• 

Wind  Speed  (m/s)  Temp  f°Q 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

-.02 

.28 

.28 

.07 

.15 

.16 

121 

4-m  linear  meas 

-.14 

.30 

.33 

.08 

.19 

.21 

121 

4-m  p-prof  meas 

-.06 

.28 

.29 

121 

16-m  simil  meas 

.16 

.47 

.49 

.04 

.30 

.31 

121 

16-m  linear  meas 

.72 

.72 

1.01 

-.02 

.55 

.55 

121 

16-m  p-prof  meas 

.25 

.55 

.61 

121 

30-m  simil  meas 

.47 

1.09 

1.19 

.20 

.95 

.97 

121 

30-m  linear  meas 

2.30 

2.03 

3.07 

.04 

1.68 

1.68 

121 

30-m  p-prof  meas 

.68 

1.29 

1.46 

121 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits  (continued)  _ 


Jul  11  -  Aug  29,  1991 
0800  -  1000  MDT 


Wind  Sneed  (m/s) 

Term)  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  simil  meas 

-.02 

.20 

.20 

.20 

.14 

.24 

188 

4-m  linear  meas 

-.10 

.20 

.22 

.36 

.20 

.42 

188 

4-m  p-prof  meas 

-.05 

.19 

.20 

188 

16-m  simil  meas 

.08 

.33 

.34 

-.17 

.18 

.25 

188 

16-m  linear  meas 

.41 

.53 

.67 

-.87 

.51 

1.00 

188 

16-m  p-prof  meas 

.17 

.39 

.43 

188 

30-m  simil  meas 

.08 

.47 

.48 

-.13 

.26 

.30 

188 

30-m  linear  meas 

1.14 

1.28 

1.71 

-2.26 

1.31 

2.61 

188 

30-m  p-prof  meas 

.32 

.70 

.77 

188 

1000  - 

1200  MDT 

Wind 

Sneed  (m/s) 

Term)  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  simil  meas 

-.01 

.18 

.18 

.28 

.17 

.32 

195 

4-m  linear  meas 

-.06 

.17 

.18 

.49 

.20 

.53 

195 

4-m  p-prof  meas 

-.03 

.18 

.18 

195 

16-m  simil  meas 

.04 

.37 

.37 

-.25 

.27 

.36 

195 

16-m  linear  meas 

.28 

.60 

.66 

-1.15 

.55 

1.28 

195 

16-m  p-prof  meas 

.12 

.41 

.43 

195 

30-m  simil  meas 

.05 

.62 

.62 

-.11 

.35 

.37 

195 

30-m  linear  meas 

.81 

1.49 

1.70 

-2.89 

1.33 

3.18 

195 

30-m  p-prof  meas 

.25 

.78 

.81 

195 

* 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits  (continued) 


Jul  11  -  Aug  29,  1991 
1200  -  1400  MDT 


Wind  Soeed  (m/s) 

Temp  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  simil  meas 

-.03 

.24 

.24 

.24 

.19 

.31 

172 

4-m  linear  meas 

-.11 

.24 

.27 

.44 

.22 

.49 

172 

4-m  p-prof  meas 

-.06 

.23 

.24 

172 

16-m  simil  meas 

.15 

.51 

.54 

-.20 

.35 

.41 

172 

16-m  linear  meas 

.51 

.86 

1.00 

-1.05 

.60 

1.21 

172 

16-m  p-prof  meas 

.26 

.62 

.68 

172 

30-m  simil  meas 

.14 

.66 

.68 

-.02 

.43 

.43 

172 

30-m  linear  meas 

1.31 

1.98 

2.38 

-2.63 

1.34 

2.95 

172 

30-m  p-prof  meas 

.45 

1.04 

1.13 

172 

1400  - 

1600  MDT 

Wind  Speed  (m/s)  Temp  (°Q 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

-.01 

.32 

.32 

.18 

.16 

.25 

192 

4-m  linear  meas 

-.13 

.32 

.34 

.37 

.21 

.43 

192 

4-m  p-prof  meas 

-.06 

.31 

.32 

192 

16-m  simil  meas 

.11 

.74 

.75 

-.14 

.24 

.28 

192 

16-m  linear  meas 

.69 

1.26 

1.43 

-.92 

.60 

1.10 

192 

16-m  p-prof  meas 

.27 

.88 

.92 

192 

30-m  simil  meas 

.17 

1.05 

1.07 

.01 

.37 

.37 

192 

30-m  linear  meas 

2.02 

2.91 

3.54 

-2.43 

1.54 

2.88 

192 

30-m  p-prof  meas 

.57 

1.46 

1.57 

192 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits  (continued) 


Julll-  Aug  29,  1991 
1600  -  1800  MDT 


Wind  Soeed  lm/sl 

Temt>  (°C) 

Mean 

STDV 

rms 

Mean  STDV 

rms 

NPTS 

4-m  simil  meas 

.03 

.31 

.31 

.06 

.25 

.26 

199 

4-m  linear  meas 

-.12 

.30 

.32 

.17 

.27 

.32 

199 

4-m  p-prof  meas 

-.02 

.30 

.30 

199 

16-m  simil  meas 

.06 

.65 

.65 

-.09 

.33 

.34 

199 

16-m  linear  meas 

.78 

1.05 

1.31 

-.56 

.67 

.88 

199 

16-m  p-prof  meas 

.23 

.76 

.79 

199 

30-m  simil  meas 

.18 

.85 

.87 

.00 

.56 

.56 

199 

30-m  linear  meas 

2.47 

2.44 

3.48 

1.47 

1.68 

2.23 

199 

30-m  p-prof  meas 

.61 

1.25 

1.40 

199 

1800  - 

2000  MDT 

Wind  Speed  (m/s)  Temp  (°Q 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

.02 

.33 

.33 

.00 

.14 

.14 

146 

4-m  linear  meas 

-.13 

.32 

.35 

.02 

.16 

.16 

146 

4-m  p-prof  meas 

-.02 

.32 

.32 

146 

16-m  simil  meas 

.14 

.72 

.73 

-.04 

.36 

.36 

146 

16-m  linear  meas 

.88 

1.00 

1.33 

-.12 

.57 

.59 

146 

16-m  p-prof  meas 

.27 

.80 

.84 

146 

30-m  simil  meas 

.40 

.95 

1.03 

.07 

.55 

.55 

146 

30-m  linear  meas 

2.81 

2.20 

3.57 

-.16 

1.32 

1.33 

146 

30-m  p-prof  meas 

.70 

1.25 

1.43 

146 
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Table  2.  Statistics  of  differences  between  wind  speed  and  temperature  measured 
on  a  30-m  tower  and  values  estimated  from  2-  and  8-m  measurements  using 
Monin-Obukhov  similarity  and  linear  and  p-profile  fits  (continued) 


Mil  -  Aug  29,  1991 
2000  -  2200  MDT 


Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NFTS 

4-m  simil  meas 

.05 

.29 

.29 

-.06 

.12 

.13 

104 

4-m  linear  meas 

-.12 

.28 

.30 

-.11 

.11 

.16 

104 

4-m  p-prof  meas 

.01 

.27 

.27 

104 

16-m  simil  meas 

.22 

.62 

.65 

.03 

.34 

.34 

104 

16-m  linear  meas 

1.07 

.85 

1.36 

.24 

.42 

.49 

104 

16-m  p-prof  meas 

.28 

.71 

.76 

104 

30-m  simil  meas 

.98 

1.02 

1.42 

.41 

.86 

.95 

104 

30-m  linear  meas 

3.77 

2.03 

4.28 

1.11 

1.25 

1.67 

104 

30-m  p-prof  meas 

1.05 

1.37 

1.73 

104 

2200  - 

2400  MDT 

Wind  Speed  (m/s)  Temp  (°C) 


Mean 

STDV 

rms 

Mean 

STDV 

rms 

NPTS 

4-m  simil  meas 

.03 

.32 

.33 

-.05 

.05 

.07 

125 

4-m  linear  meas 

-.14 

.31 

.34 

-.09 

.05 

.10 

125 

4-m  p-prof  meas 

.00 

.31 

.32 

115 

16-m  simil  meas 

.23 

.65 

.69 

.02 

.19 

.19 

115 

16-m  linear  meas 

1.07 

1.03 

1.48 

.21 

.22 

.30 

125 

16-m  p-prof  meas 

.28 

.76 

.82 

125 

30-m  simil  meas 

.70 

1.15 

1.34 

.20 

.49 

.53 

115 

30-m  linear  meas 

3.44 

2.67 

4.36 

.80 

.63 

1.02 

125 

30-m  p-prof  meas 

.74 

1.59 

1.75 

115 
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RMS  WIND  SPEED  DIFFERENCE  (MPS) 


Figure  7.  Rms  differences  between  measured  4-m  wind  speeds  and  values 
estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity,  a 
linear  interpolation,  and  a  p-profile  fit. 
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RMS  DIFFERENCE  BETWEEN 
16M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  8.  Rms  differences  between  measured  16-m  wind  speeds  and  values 
estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity,  a 
linear  extrapolation,  *and  a  p-profile  fit. 
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RMS  DIFFERENCE  BETWEEN 
30M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  9.  Rms  differences  between  measured  30-m  wind  speeds  ana  values 
estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity,  a 
linear  extrapolation,  and  a  p-profile  fit. 
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RMS  TEMPERATURE  DIFFERENCE  (DEG-C) 


RMS  DIFFERENCE  BETWEEN 
4M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


Figure  10.  Rms  differences  between  measured  4-m  temperatures  and  values 
estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity  and 
a  linear  interpolation. 
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RMS  DIFFERENCE  BETWEEN 
16M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity  and 


a  linear  extrapolation. 
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RMS  TEMPERATURE  DIFFERENCE  (DEG-C) 


RMS  DIFFERENCE  BETWEEN 
30M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  11  -  AUG  29,  1991  -  DIRT  SITE 


estimated  from  2-  and  8-m  measurements  using  Monin-Obukhov  similarity  and 
a  linear  extrapolation. 
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4.2  Sodar  Data  Comparison 


The  statistical  analyses  described  in  the  previous  section  were  used  to  compare 
wind  speed  estimated  by  the  similarity  and  p-profile  models  with  conjunctive 
sodar  data  collected  at  the  three  test  sites.  Fifteen-minute  averaged  2-  and 
10-m  data  collected  on  a  10-m  mast  were  used  by  the  two  models  to  predict  the 
wind  speed  at  the  six  sodar  measurement  heights  of  50,  100,  150,  200,  300, 
and  400  m  at  WSMR  and  60,  110,  160,  210,  310,  and  410  m  at  Ft.  Bliss  and 
Champaign.  Statistics  were  computed  using  only  data  in  which  a  solution  was 
obtained  from  both  models. 

The  WSMR  results  are  shown  in  table  3  and  figures  13  through  18.  As 
expected,  there  was  better  agreement  between  the  predicted  and  measured  data 
during  midday  when  the  surface  layer  is  usually  fairly  deep.  The  comparability 
of  the  model  predictions  decreased  only  slowly  with  height  during  those  times. 
Between  1000  and  1200  MDT,  for  example,  the  rms  differences  between  the 
similarity  estimates  and  the  measured  data  ranged  from  1.7  to  2.0  ms"1 
between  50  and  400  m.  The  p-profile  rms  differences  during  this  time  were 
between  1.6  and  2.2  m  s"1.  At  night,  there  was  a  much  more  rapid  decrease 
in  comparability  with  altitude.  This  was  especially  true  for  the  similarity 
model.  Between  0400  and  0600  MDT,  for  example,  the  rms  differences 
ranged  from  2.6  to  24.7  m  s'1  for  the  similarity  predictions  and  from  1.7  to 
5.6  m  s'1  for  the  p-profile  estimates.  In  comparison  to  the  above  results,  the 
rms  differences  between  in  situ  wind  speed  measurements  on  a  300-m  tower 
and  conjunctive  Doppler  sodar  measurements  were  found  to  be  1 .0  to  1 .4  m  s1 
in  a  study  by  Chintawongvanich  et  al.  [15] 

The  Ft.  Bliss  statistics  have  similar  characteristics  (figures  19  through  24  and 
table  4).  The  comparability  of  the  p-profile  estimates  were  considerably  poorer 
than  the  WSMR  p-profile  estimates.  Other  difference  is  that  there  was  better 
agreement  between  the  Ft.  Bliss  late  afternoon  similarity  estimates  and  the 
measured  data.  The  rms  differences  between  the  similarity  predictions  and  the 
WSMR  measurements  were  the  smallest  between  0900  and  1300  MDT  and 
became  larger  later  in  the  afternoon.  In  contrast,  the  Ft.  Bliss  rms  differences 
remained  fairly  constant  throughout  the  afternoon  and  did  not  start  to  increase 
until  1900  MDT. 
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Statistics  for  the  Champaign  data  are  shown  in  table  5  and  figures 
25  through  30.  The  amount  of  data  collected  at  night  was  limited  so  that  only 
day  statistics  were  computed  above  160  m.  In  general,  these  statistics  are 
comparable  to  the  Ft.  Bliss  statistics  except  that  the  p-profile  rms  differences 
were  somewhat  smaller  at  Champaign  than  at  Ft.  Bliss. 


Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-profile  fit 


Jul  12  -  Aug  31,  1991 
0000  -  0200  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

1.39 

1.96 

2.40 

231 

100-m  similarity  measured 

3.94 

3.07 

4.99 

248 

150-m  similarity  measured 

6.33 

4.31 

7.66 

241 

200-m  similarity  measured 

8.70 

5.52 

10.31 

241 

300-m  similarity  measured 

14.21 

7.69 

16.15 

211 

400-m  similarity  measured 

19.84 

10.48 

22.44 

177 

50-m  p-profile  measured 

.34 

1.72 

1.76 

231 

100-m  p-profile  measured 

1.01 

2.13 

2.36 

248 

150-m  p-profile  measured 

1.28 

2.41 

2.73 

241 

200-m  p-profile  measured 

1.55 

2.67 

3.09 

241 

300-m  p-profile  measured 

2.19 

3.08 

3.78 

211 

400-m  p-profile  measured 

2.76 

3.77 

4.67 

177 

0200  -  0400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

1.53 

1.79 

2.35 

177 

100-m  similarity  measured 

4.13 

3.29 

5.28 

194 

150-m  similarity  measured 

6.81 

4.83 

8.35 

192 

200-m  similarity  measured 

9.39 

6.19 

11.24 

180 

300-m  similarity  measured 

14.76 

9.46 

17.53 

171 

400-m  similarity  measured 

20.81 

12.78 

24.42 

160 

50-m  p-profile  measured 

.51 

1.55 

1.64 

177 

100-m  p-profile  measured 

1.24 

2.20 

2.53 

194 

150-m  p-profile  measured 

1.74 

2.61 

3.14 

192 

200-m  p-profile  measured 

2.21 

3.02 

3.74 

180 

300-m  p-profile  measured 

3.23 

3.37 

4.67 

171 

400-m  p-profile  measured 

3.94 

3.89 

5.54 

160 
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Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-profile  fit  (continued) 


Jul  12  -  Aug  31,  1991 
0400  -  0600  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

1.69 

1.91 

2.55 

133 

100-m  similarity  measured 

4.39 

2.89 

5.26 

148 

150-m  similarity  measured 

7.34 

4.32 

8.51 

150 

200-m  similarity  measured 

10.57 

5.70 

12.01 

149 

300-m  similarity  measured 

15.98 

7.87 

17.82 

137 

400-m  similarity  measured 

22.46 

10.38 

24.74 

118 

50-m  p-profile  measured 

.45 

1.62 

1.68 

133 

100-m  p-profile  measured 

1.03 

1.95 

2.20 

148 

150-m  p-profile  measured 

1.62 

2.39 

2.89 

150 

200-m  p-profile  measured 

2.29 

2.87 

3.68 

149 

300-m  p-profile  measured 

3.06 

3.51 

4.66 

137 

400-m  p-profile  measured 

4.14 

3.79 

5.61 

118 

0600  -  0800  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

.60 

2.13 

2.22 

194 

100-m  similarity  measured 

2.00 

3.73 

4.23 

219 

150-m  similarity  measured 

3.50 

5.40 

6.44 

214 

200-m  similarity  measured 

4.78 

7.36 

8.78 

220 

300-m  similarity  measured 

7.50 

10.59 

12.98 

188 

400-m  similarity  measured 

10.64 

14.46 

17.95 

161 

50-m  p-profile  measured 

.11 

1.70 

1.71 

194 

100-m  p-profile  measured 

.52 

2.21 

2.27 

219 

150-m  p-profile  measured 

.85 

2.51 

2.65 

214 

200-m  p-profile  measured 

1.04 

3.04 

3.21 

220 

300-m  p-profile  measured 

1.70 

3.62 

4.00 

188 

400-m  p-profile  measured 

2.47 

4.14 

4.82 

161 
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Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-profile  fit  (continued) 


Jul  12  - Aug  31,  1991 
0800  -  1000  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

-.47 

1.36 

1.44 

329 

100-m  similarity  measured 

-.48 

1.46 

1.54 

355 

150-m  similarity  measured 

-.59 

1.58 

1.69 

356 

200-m  similarity  measured 

-.79 

1.67 

1.84 

351 

300-m  similarity  measured 

-.88 

1.91 

2.10 

331 

400-m  similarity  measured 

-.84 

2.28 

2.43 

300 

50-m  p-profile  measured 

-.19 

1.48 

1.50 

329 

100-m  p-profile  measured 

.00 

1.68 

1.68 

355 

150-m  p-profile  measured 

.05 

1.86 

1.86 

356 

200-m  p-profile  measured 

-.03 

2.01 

2.01 

351 

300-m  p-profile  measured 

.08 

2.31 

2.31 

331 

400-m  p-profile  measured 

.24 

2.51 

2.52 

300 

1000  -  1200  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

-.96 

1.53 

1.81 

327 

100-m  similarity  measured 

-1.00 

1.41 

1.73 

339 

150-m  similarity  measured 

-.93 

1.62 

1.87 

337 

200-m  similarity  measured 

-1.04 

1.58 

1.90 

322 

300-m  similarity  measured 

-.92 

1.82 

2.04 

304 

400-m  similarity  measured 

-.84 

1.71 

1.90 

290 

50-m  p-profile  measured 

-.69 

1.60 

1.74 

327 

100-m  p-profile  measured 

-.52 

1.52 

1.60 

339 

150-m  p-profile  measured 

-.31 

1.80 

1.82 

337 

200-m  p-profile  measured 

-.33 

1.76 

1.79 

322 

300-m  p-profile  measured 

-.01 

2.20 

2.20 

304 

400-m  p-profile  measured 

.23 

2.22 

2.23 

290 
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Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-profile  fit  (continued) 


Jul  12  -  Aug  31,  1991 
1200  -  1400  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

-1.01 

2.14 

2.37 

315 

100-m  similarity  measured 

-1.28 

2.49 

2.80 

328 

150-m  similarity  measured 

-1.05 

2.41 

2.63 

297 

200-m  similarity  measured 

-1.07 

2.51 

2.73 

272 

300-m  similarity  measured 

-1.27 

2.97 

3.23 

272 

400-m  similarity  measured 

-.67 

2.78 

2.86 

231 

50-m  p-profile  measured 

-.70 

2.24 

2.35 

315 

100-m  p-profile  measured 

-.72 

2.74 

2.83 

328 

150-m  p-profile  measured 

-.31 

2.75 

2.77 

297 

200-m  p-profile  measured 

-.21 

2.93 

2.94 

272 

300-m  p-profile  measured 

-.18 

3.54 

3.55 

272 

400-m  p-profile  measured 

.58 

3.62 

3.67 

231 

1400  -  1600  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

-.75 

2.38 

2.50 

305 

100-m  similarity  measured 

-.52 

3.01 

3.06 

314 

150-m  similarity  measured 

-.54 

2.92 

2.97 

273 

200-m  similarity  measured 

-.36 

3.79 

3.80 

271 

300-m  similarity  measured 

-.43 

4.17 

4.19 

244 

400-m  similarity  measured 

-.40 

4.56 

4.58 

216 

50-m  p-profile  measured 

-.37 

2.43 

2.46 

305 

100-m  p-profile  measured 

.14 

3.03 

3.03 

314 

150-m  p-profile  measured 

.44 

3.05 

3.08 

273 

200-m  p-profile  measured 

.72 

3.56 

3.63 

271 

300-m  p-profile  measured 

.72 

3.74 

3.81 

244 

400-m  p-profile  measured 

.90 

4.10 

4.19 

216 

56 


Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-prof!le  fit  (continued) 


Jul  12  -  Aug  31,  1991 
1600  -  1800  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

-.20 

2.14 

2.15 

322 

100-m  similarity  measured 

.05 

2.88 

2.88 

328 

150-m  similarity  measured 

.24 

3.61 

3.62 

312 

200-m  similarity  measured 

.91 

4.44 

4.53 

302 

300-m  similarity  measured 

1.25 

5.72 

5.86 

283 

400-m  similarity  measured 

1.67 

6.99 

7.19 

249 

50-m  p-profile  measured 

.13 

2.10 

2.11 

322 

100-m  p-profile  measured 

.56 

2.43 

2.49 

328 

150-m  p-profile  measured 

.80 

2.69 

2.81 

312 

200-m  p-profile  measured 

1.50 

3.04 

3.39 

302 

300-m  p-profile  measured 

1.83 

3.19 

3.68 

283 

400-m  p-profile  measured 

2.23 

3.93 

4.52 

249 

1800  -  2000  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

.59 

2.24 

2.32 

250 

100-m  similarity  measured 

1.69 

3.39 

3.79 

276 

150-m  similarity  measured 

2.91 

4.74 

5.56 

281 

200-m  similarity  measured 

4.04 

6.10 

7.32 

271 

300-m  similarity  measured 

6.06 

8.58 

10.50 

244 

400-m  similarity  measured 

8.04 

11.40 

13.95 

205 

50-m  p-profile  measured 

.44 

2.06 

2.10 

250 

100-m  p-profile  measured 

1.01 

2.44 

2.64 

276 

150-m  p-profile  measured 

1.57 

2.75 

3.17 

281 

200-m  p-profile  measured 

2.11 

3.21 

3.84 

271 

300-m  p-profile  measured 

2.78 

3.53 

4.49 

244 

400-m  p-profile  measured 

3.14 

4.18 

5.23 

205 
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Table  3.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using  Monin-Obukhov 
similarity  algorithms  and  p-profile  fit  (continued) 


Jul  12  -  Aug  31,  1991 
2000  -  2200  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

1.28 

2.29 

2.62 

196 

100-m  similarity  measured 

3.76 

3.74 

5.30 

214 

150-m  similarity  measured 

6.11 

5.46 

8.19 

195 

200-m  similarity  measured 

8.12 

7.23 

10.88 

200 

300-m  similarity  measured 

12.48 

10.29 

16.18 

164 

400-m  similarity  measured 

18.28 

13.86 

22.94 

141 

50-m  p-profile  measured 

.35 

2.06 

2.09 

196 

100-m  p-profile  measured 

1.18 

2.66 

2.91 

214 

150-m  p-profile  measured 

1.52 

3.03 

3.39 

195 

200-m  p-profile  measured 

1.84 

3.47 

3.93 

200 

300-m  p-profile  measured 

2.39 

4.03 

4.68 

164 

400-m  p-profile  measured 

3.59 

4.45 

5.72 

141 

2200  -  2400  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

50-m  similarity  measured 

1.52 

2.62 

3.02 

223 

100-m  similarity  measured 

3.78 

3.75 

5.32 

233 

150-m  similarity  measured 

5.97 

5.14 

7.88 

216 

200-m  similarity  measured 

8.51 

6.40 

10.65 

209 

300-m  similarity  measured 

14.45 

10.31 

17.75 

201 

400-m  similarity  measured 

19.33 

12.86 

23.22 

162 

50-m  p-profile  measured 

.62 

2.68 

2.75 

223 

100-m  p-profile  measured 

1.31 

3.43 

3.67 

233 

150-m  p-profile  measured 

1.86 

3.99 

4.40 

216 

200-m  p-profile  measured 

2.26 

4.25 

4.81 

209 

300-m  p-profile  measured 

3.14 

4.90 

5.82 

201 

400-m  p-profile  measured 

3.51 

4.94 

6.06 

162 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
50M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  12  -  AUG  31,  1991  -  DIRT  SITE 


collected  at  WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
1 0OM  MEASURED  AND  PREDICTED  PARAMETER 
JUL  12  -  AUG  31,  1991  -  DIRT  SITE 


collected  at  WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
200M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  12  -  AUG  31,  1991  -  DIRT  SITE 


collected  at  WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  DIFFERENCE  BETWEEN 
300M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  12  -  AUG  31,  1991  -  DIRT  SITE 


0  .2  4  6  8  10  12  14  16  18  20  22  24 

_  HOUR  (MDT) 

Figure  17.  Rms  differences  between  300-m  sodar  wind  speed  measurements 
collected  at  WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 


RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
400M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  12  -  AUG  31,  1991  -  DIRT  SITE 


collected  at  WSMR  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit 


Jun  4  -  Jun  25,  1990 

0000  -  0200  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

1.73 

3.14 

3.58 

76 

110-m  similarity  measured 

5.99 

5.25 

7.97 

77 

160-m  similarity  measured 

9.06 

7.43 

11.72 

77 

2 10-m  similarity  measured 

11.78 

9.65 

15.23 

69 

3 10-m  similarity  measured 

16.95 

14.52 

22.32 

41 

4 10-m  similarity  measured 

19.39 

15.32 

24.71 

33 

60-m  p-profile  measured 

.75 

2.42 

2.54 

76 

110-m  p-profile  measured 

2.94 

3.34 

4.45 

77 

160-m  p-profile  measured 

3.61 

4.10 

5.47 

77 

2 10-m  p-profile  measured 

3.83 

4.82 

6.15 

69 

3 10-m  p-profile  measured 

5.15 

5.95 

7.87 

41 

4 10-m  p-profile  measured 

5.66 

5.13 

7.63 

33 

0200  -  0400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.80 

2.42 

2.55 

78 

110-m  similarity  measured 

4.65 

3.97 

6.12 

79 

160-m  similarity  measured 

7.86 

6.15 

9.98 

79 

2 10-m  similarity  measured 

11.07 

8.39 

13.89 

79 

3 10-m  similarity  measured 

17.57 

12.52 

21.58 

56 

4 10-m  similarity  measured 

20.23 

12.32 

23.68 

39 

60-m  p-profile  measured 

-.04 

1.96 

1.96 

78 

110-m  p-profile  measured 

2.03 

2.42 

3.16 

79 

160-m  p-profile  measured 

3.08 

3.22 

4.46 

79 

210-m  p-profile  measured 

3.92 

4.06 

5.65 

79 

3 10-m  p-profile  measured 

5.49 

5.37 

7.68 

56 

4 10-m  p-profile  measured 

5.71 

4.69 

7.39 

39 
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Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jun  4  -  Jun  25,  1990 
0400  -  0600  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.72 

2.05 

2.18 

74 

110-m  similarity  measured 

4.48 

3.82 

5.89 

74 

160-m  similarity  measured 

7.63 

6.15 

9.80 

74 

2 10-m  similarity  measured 

10.49 

8.13 

13.27 

71 

3 10-m  similarity  measured 

15.30 

10.97 

18.83 

54 

4 10-m  similarity  measured 

17.39 

13.61 

22.08 

37 

60-m  p-profile  measured 

.04 

1.42 

1.42 

74 

1 10-m  p-profile  measured 

2.19 

1.86 

2.87 

74 

160-m  p-profile  measured 

3.37 

2.79 

4.37 

74 

2 10-m  p-profile  measured 

4.30 

3.81 

5.74 

71 

3 10-m  p-profile  measured 

6.31 

5.18 

8.16 

54 

4 10-m  p-profile  measured 

6.68 

5.52 

8.67 

37 

0600  -  0800  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.40 

1.56 

1.61 

89 

110-m  similarity  measured 

.99 

2.44 

2.63 

89 

160-m  similarity  measured 

1.94 

3.90 

4.36 

88 

2 10-m  similarity  measured 

2.76 

5.41 

6.07 

85 

3 10-m  similarity  measured 

3.33 

6.40 

7.22 

59 

4 10-m  similarity  measured 

2.79 

7.74 

8.23 

43 

60-m  p-profile  measured 

.09 

1.67 

1.68 

89 

1 10-m  p-profile  measured 

1.47 

2.08 

2.54 

89 

160-m  p-profile  measured 

2.14 

2.89 

3.60 

88 

2 10-m  p-profile  measured 

2.62 

3.67 

4.51 

85 

3 10-m  p-profile  measured 

2.78 

3.38 

4.38 

59 

4 10-m  p-profile  measured 

2.84 

3.78 

4.72 

43 
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Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jun  4  -  Jun  25,  1990 


0800  -  1000  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.12 

1.05 

1.06 

102 

110-m  similarity  measured 

.40 

1.13 

1.20 

103 

160-m  similarity  measured 

.44 

1.24 

1.31 

104 

2 10-m  similarity  measured 

.47 

1.44 

1.52 

97 

3 10-m  similarity  measured 

.66 

1.97 

2.07 

74 

4 10-m  similarity  measured 

.56 

2.72 

2.77 

56 

60-m  p-profile  measured 

1.31 

1.53 

2.02 

102 

1 10-m  p-profile  measured 

2.38 

2.05 

3.14 

103 

160-m  p-profile  measured 

3.04 

2.50 

3.94 

104 

210-m  p-profile  measured 

3.59 

2.99 

4.67 

97 

3 10-m  p-profile  measured 

4.47 

3.98 

5.99 

74 

4 10-m  p-profile  measured 

4.93 

5.28 

7!23 

56 

1000  -  1200  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.08 

1.40 

1.40 

103 

110-m  similarity  measured 

.21 

1.45 

1.46 

103 

160-m  similarity  measured 

.31 

1.62 

1.65 

103 

210-m  similarity  measured 

.30 

1.84 

1.87 

95 

3 10-m  similarity  measured 

.42 

2.14 

2.18 

62 

4 10-m  similarity  measured 

.51 

2.44 

2.50 

46 

60-m  p-profile  measured 

.95 

1.68 

1.93 

103 

1 10-m  p-profile  measured 

1.87 

2.01 

2.74 

103 

160-m  p-profile  measured 

2.45 

2.38 

3.41 

103 

210-m  p-profile  measured 

2.84 

2.74 

3.95 

95 

3 10-m  p-profile  measured 

3.75 

3.35 

5.03 

62 

4 10-m  p-profile  measured 

4.38 

3.86 

5.84 

46 

67 


Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jun  4  -  Jun  25,  1990 

1200  -  1400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.01 

1.66 

1.66 

102 

1 10-m  similarity  measured 

.26 

1.69 

1.71 

103 

160-m  similarity  measured 

.25 

1.89 

1.90 

101 

2 10-m  similarity  measured 

.27 

2.15 

2.17 

78 

3 10-m  similarity  measured 

.03 

1.92 

1.92 

55 

4 10-m  similarity  measured 

-.45 

2.15 

2.20 

41 

60-m  p-profile  measured 

1.12 

1.98 

2.28 

102 

110-m  p-profile  measured 

2.08 

2.31 

3.11 

103 

160-m  p-profile  measured 

2.60 

2.73 

3.77 

101 

2 10-m  p-profile  measured 

3.19 

3.26 

4.56 

78 

3 10-m  p-profile  measured 

3.64 

3.30 

4.91 

55 

4 10-m  p-profile  measured 

3.71 

3.72 

5.26 

41 

1400-1600  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.23 

1.41 

1.42 

103 

110-m  similarity  measured 

.03 

1.40 

1.40 

103 

160-m  similarity  measured 

.00 

1.49 

1.49 

100 

2 10-m  similarity  measured 

-.07 

1.77 

1.77 

80 

3 10-m  similarity  measured 

.07 

1.96 

1.96 

54 

4 10-m  similarity  measured 

-.02 

2.52 

2.52 

44 

60-m  p-profile  measured 

.90 

1.76 

1.98 

103 

110-m  p-profile  measured 

1.86 

2.07 

2.78 

103 

160-m  p-profile  measured 

2.32 

2.33 

3.29 

100 

2 10-m  p-profile  measured 

2.82 

2.75 

3.93 

80 

3 10-m  p-profile  measured 

3.75 

3.21 

4.94 

54 

410-m  p-profile  measured 

4.34 

3.77 

5.75 

44 
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Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jun  4  -  Jun  25,  1990 

1600  -  1800  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.06 

1.39 

1.39 

101 

1 10-m  similarity  measured 

.25 

1.43 

1.45 

101 

160-m  similarity  measured 

.27 

1.57 

1.59 

95 

2 10-m  similarity  measured 

.21 

1.83 

1.84 

76 

3 10-m  similarity  measured 

-.06 

1.92 

1.93 

55 

4 10-m  similarity  measured 

-.62 

3.09 

3.15 

43 

60-m  p-profile  measured 

1.12 

1.71 

2.04 

101 

110-m  p-profile  measured 

2.18 

2.04 

2.98 

101 

160-m  p-profile  measured 

2.72 

2.32 

3.58 

95 

2 10-m  p-profile  measured 

3.06 

2.71 

4.08 

76 

3 10-m  p-profile  measured 

3.42 

3.03 

4.57 

55 

4 10-m  p-profile  measured 

2.99 

4.13 

5.10 

43 

1800  -  2000  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.29 

1.65 

1.68 

100 

110-m  similarity  measured 

1.07 

2.00 

2.27 

92 

160-m  similarity  measured 

1.33 

2.33 

2.68 

80 

2 10-m  similarity  measured 

1.17 

2.50 

2.76 

48 

3 10-m  similarity  measured 

-.30 

2.98 

3.00 

25 

4 10-m  similarity  measured 

-.71 

5.19 

5.23 

19 

60-m  p-profile  measured 

1.24 

1.76 

2.15 

100 

110-m  p-profile  measured 

2.54 

2.07 

3.27 

92 

160-m  p-profile  measured 

3.25 

2.32 

3.99 

80 

2 10-m  p-profile  measured 

4.07 

2.59 

4.82 

48 

3 10-m  p-profile  measured 

3.39 

3.53 

4.90 

25 

4 10-m  p-profile  measured 

3.49 

5.36 

6.40 

19 
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Table  4.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jun  4,  1990  - 

Jun  25,  1990 

2000  -  2200  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

1.85 

2.81 

3.36 

81 

110-m  similarity  measured 

5.37 

4.47 

6.98 

73 

160-m  similarity  measured 

8.50 

6.64 

10.79 

71 

2 10-m  similarity  measured 

11.17 

8.46 

14.01 

56 

3 10-m  similarity  measured 

13.88 

10.79 

17.58 

24 

4 10-m  similarity  measured 

19.41 

15.06 

24.57 

19 

60-m  p-profile  measured 

.67 

2.05 

2.15 

81 

1 10-m  p-profile  measured 

2.35 

2.62 

3.52 

73 

160-m  p-profile  measured 

3.33 

3.54 

4.86 

71 

2 10-m  p-profile  measured 

4.09 

4.25 

5.90 

56 

3 10-m  p-profile  measured 

5.87 

5.18 

7.83 

24 

4 10-m  p-profile  measured 

8.34 

6.43 

10.53 

19 

2200  -  2400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

2.45 

2.90 

3.80 

78 

110-m  similarity  measured 

6.62 

5.45 

8.58 

79 

160-m  similarity  measured 

9.92 

8.16 

12.84 

74 

2 10-m  similarity  measured 

11.03 

9.26 

14.40 

55 

3 10-m  similarity  measured 

14.68 

13.32 

19.83 

29 

4 10-m  similarity  measured 

20.59 

17.31 

26.89 

20 

60-m  p-profile  measured 

1.39 

2.01 

2.45 

78 

110-m  p-profile  measured 

3.54 

2.92 

4.59 

79 

160-m  p-profile  measured 

4.44 

3.77 

5.82 

74 

2 10-m  p-profile  measured 

4.17 

4.13 

5.87 

55 

3 10-m  p-profile  measured 

5.12 

5.21 

7.30 

29 

4 10-m  p-profile  measured 

7.50 

5.75 

9.45 

20 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
60M  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


Figure  19.  Rms  differences  between  60-m  sodar  wind  speed  measurements 
collected  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
110M  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


collect  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
1 60M  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


Figure  21.  Rms  differences  between  160-m  sodar  wind  speed  measurements 
collected  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 


•  Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
21 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


Figure  22.  Rms  differences  between  210-m  sodar  wind  speed  measurements 
collected  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
31 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


Figure  23.  Rms  differences  between  310-m  sodar  wind  speed  measurements 
collected  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
41 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUN  04  -  JUN  25,  1990  -  FT.  BLISS 


Figure  24.  Rms  differences  between  410-m  sodar  wind  speed  measurements 
collected  at  Ft.  Bliss  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit 


Jul  23  -  Aug  2,  1990 
0000  -  0200  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

3.18 

3.86 

5.00 

16 

110-m  similarity  measured 

8.94 

5.37 

10.43 

14 

160-m  similarity  measured 

13.45 

7.14 

15.23 

11 

2 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

9 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

1 

4 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

0 

60-m  p-profile  measured 

.53 

3.72 

3.75 

16 

1 10-m  p-profile  measured 

2.57 

4.91 

5.54 

14 

160-m  p-profile  measured 

3.03 

6.70 

7.36 

11 

2 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

9 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

1 

410-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

0 

0200  -  0400  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.90 

2.89 

3.03 

21 

110-m  similarity  measured 

4.70 

3.62 

5.94 

20 

160-m  similarity  measured 

7.76 

4.67 

9.06 

19 

2 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

6 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

6 

410-m  similarity  measured 

-99.00 

-99.00 

-99.00 

4 

60-m  p-profile  measured 

-1.44 

2.77 

3.12 

21 

110-m  p-profile  measured 

-.74 

3.48 

3.56 

20 

160-m  p-profile  measured 

-1.03 

4.38 

4.50 

19 

210-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

6 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

6 

410-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

4 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jul  23  -  Aug  2,  1990 

0400  -  0600  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

2.42 

3.35 

4.14 

16 

1 10-m  similarity  measured 

5.81 

4.64 

7.43 

12 

160-m  similarity  measured 

-99.00 

-99.00 

-99.00 

8 

2 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

4 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

3 

410-m  similarity  measured 

-99.00 

-99.00 

-99.00 

2 

60-m  p-profile  measured 

.51 

3.23 

3.27 

16 

110-m  p-profile  measured 

1.08 

4.10 

4.24 

12 

160-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

8 

2 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

4 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

3 

410-m  p-profile  measured 

-99.00 

-99.00 

-99'.00 

2 

0600  -  0800  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-2.23 

4.66 

5.17 

47 

110-m  similarity  measured 

.02 

4.68 

4.68 

38 

160-m  similarity  measured 

.13 

6.20 

6.20 

29 

2 10-m  similarity  measured 

.53 

6.58 

6.60 

12 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

7 

410-m  similarity  measured 

-99.00 

-99.00 

-99.00 

6 

60-m  p-profile  measured 

-2.21 

4.36 

4.89 

47 

1 10-m  p-profile  measured 

-.47 

2.83 

2.87 

38 

160-m  p-profile  measured 

-.69 

3.35 

3.42 

29 

2 10-m  p-profile  measured 

-1.25 

3.71 

3.91 

12 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

7 

410-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

6 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jul  23  -  Aug  2, 

1990 

0800  -  1000  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.42 

2.21 

2.25 

72 

1 10-m  similarity  measured 

-.53 

2.85 

2.90 

69 

160-m  similarity  measured 

-.69 

2.28 

2.39 

67 

210-m  similarity  measured 

-.74 

1.79 

1.94 

55 

3 10-m  similarity  measured 

-1.58 

3.15 

3.52 

31 

410-m  similarity  measured 

-2.71 

4.57 

5.31 

23 

60-m  p-profile  measured 

.21 

2.28 

2.29 

72 

110-m  p-profile  measured 

.49 

3.04 

3.08 

69 

160-m  p-profile  measured 

.63 

2.56 

2.63 

67 

210-m  p-profile  measured 

.91 

2.27 

2.45 

55 

3 10-m  p-profile  measured 

.56 

3.78 

3.82 

31 

410-m  p-profile  measured 

-.07 

5.18 

5.18 

23 

1000  -  1200  MDT 


Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.04 

1.28 

1.28 

71 

1 10-m  similarity  measured 

.31 

1.27 

1.31 

65 

160-m  similarity  measured 

.29 

1.34 

1.37 

62 

210-m  similarity  measured 

.25 

1.36 

1.39 

59 

3 10-m  similarity  measured 

.27 

1.54 

1.56 

47 

410-m  similarity  measured 

.38 

1.84 

1.88 

40 

60-m  p-profile  measured 

.78 

1.53 

1.71 

71 

110-m  p-profile  measured 

1.47 

1.78 

2.31 

65 

160-m  p-profile  measured 

1.79 

2.02 

2.70 

62 

210-m  p-profile  measured 

1.99 

2.19 

2.95 

59 

3 10-m  p-profile  measured 

2.40 

2.53 

3.49 

47 

410-m  p-profile  measured 

2.77 

2.95 

4.05 

40 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jul  23-  Aug 

2,  1990 

1200  -  1400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.28 

1.48 

1.51 

70 

110-m  similarity  measured 

.39 

1.54 

1.59 

70 

160-m  similarity  measured 

.27 

1.62 

1.64 

70 

2 10-m  similarity  measured 

.16 

1.75 

1.75 

66 

3 10-m  similarity  measured 

.38 

1.97 

2.01 

53 

4 10-m  similarity  measured 

.07 

1.94 

1.94 

38 

60-m  p-profile  measured 

.97 

1.72 

1.97 

70 

110-m  p-profile  measured 

1.49 

1.97 

2.47 

70 

160-m  p-profile  measured 

1.67 

2.20 

2.76 

70 

2 10-m  p-profile  measured 

1.81 

2.47 

3.06 

66 

3 10-m  p-profile  measured 

2.39 

2.97 

3.81 

53 

4 10-m  p-profile  measured 

2.40 

3.06 

3.89 

38 

1400  -  1600  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.33 

2.32 

2.35 

71 

110-m  similarity  measured 

.29 

.97 

1.01 

67 

160-m  similarity  measured 

.26 

.99 

1.02 

67 

2 10-m  similarity  measured 

.20 

1.03 

1.05 

64 

3 10-m  similarity  measured 

.29 

1.21 

1.25 

55 

4 10-m  similarity  measured 

.05 

1.52 

1.52 

42 

60-m  p-profile  measured 

.41 

2.50 

2.53 

71 

1 10-m  p-profile  measured 

1.54 

1.32 

2.03 

67 

160-m  p-profile  measured 

1.87 

1.47 

2.38 

67 

2 10-m  p-profile  measured 

2.10 

1.65 

2.67 

64 

3 10-m  p-profile  measured 

2.74 

2.06 

3.43 

55 

4 10-m  p-profile  measured 

2.87 

2.59 

3.87 

42 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jul  23  -  Aug  2, 

,  1990 

1600  -  1800  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

-.79 

3.00 

3.10 

72 

110-m  similarity  measured 

-.30 

1.32 

1.35 

70 

160-m  similarity  measured 

-.38 

1.39 

1.44 

68 

2 10-m  similarity  measured 

-.38 

1.47 

1.52 

56 

3 10-m  similarity  measured 

-.16 

1.30 

1.31 

36 

4 10-m  similarity  measured 

-.65 

1.69 

1.81 

30 

60-m  p-profile  measured 

-.09 

3.09 

3.10 

72 

1 10-m  p-profile  measured 

.85 

1.63 

1.84 

70 

160-m  p-profile  measured 

1.13 

1.81 

2.13 

68 

2 10-m  p-profile  measured 

1.58 

1.97 

2.52 

56 

3 10-m  p-profile  measured 

2.21 

1.92 

2.92 

36 

410-m  p-profile  measured 

2.28 

2.59 

3.45 

30 

1800  -  2000  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

.51 

1.65 

1.73 

42 

1 10-m  similarity  measured 

1.87 

3.31 

3.80 

42 

160-m  similarity  measured 

2.88 

4.82 

5.62 

35 

210-m  similarity  measured 

4.54 

6.74 

8.12 

21 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

9 

410-m  similarity  measured 

-99.00 

-99.00 

-99.00 

9 

60-m  p-profile  measured 

.12 

1.12 

1.13 

42 

110-m  p-profile  measured 

.73 

1.62 

1.78 

42 

160-m  p-profile  measured 

.77 

1.94 

2.08 

35 

210-m  p-profile  measured 

1.13 

2.75 

2.98 

21 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

9 

410-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

9 
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Table  5.  Statistics  of  differences  between  wind  speeds  measured  by  sodar  at 
Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  algorithm  and  p-profile  fit  (continued) 


Jul  23,  1990 

-  Aug  2,  1990 

2000  -  2200  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

2.93 

1.90 

3.49 

13 

110-m  similarity  measured 

7.06 

3.98 

8.11 

11 

160-m  similarity  measured 

-99.00 

-99.00 

-99.00 

9 

2 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

5 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

2 

4 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

1 

60-m  p-profile  measured 

1.02 

1.99 

2.24 

13 

110-m  p-profile  measured 

2.95 

4.10 

5.05 

11 

160-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

9 

2 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

5 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

2 

4 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

1 

2200  -  2400  MDT 

Mean 

STDV  (m/s) 

rms 

NPTS 

60-m  similarity  measured 

3.40 

2.10 

4.00 

15 

110-m  similarity  measured 

9.06 

3.32 

9.65 

12 

160-m  similarity  measured 

12.39 

2.96 

12.74 

10 

2 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

9 

3 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

8 

4 10-m  similarity  measured 

-99.00 

-99.00 

-99.00 

3 

60-m  p-profile  measured 

.69 

2.14 

2.25 

15 

1 10-m  p-profile  measured 

2.41 

2.65 

3.58 

12 

160-m  p-profile  measured 

2.10 

2.75 

3.46 

10 

2 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

9 

3 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

8 

4 10-m  p-profile  measured 

-99.00 

-99.00 

-99.00 

3 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
60M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


Figure  25.  Rms  differences  between  60-m  sodar  wind  speed  measurements 
collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
1 1 0M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


HOUR  (CDT) 

Figure  26.  Rms  differences  between  110-m  sodar  wind  speed  measurements 
collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 


84 


RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
1 60M  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
21 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


Figure  28.  Rms  differences  between  210-m  sodar  wind  speed  measurements 
collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
31 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


Figure  29.  Rms  differences  between  310-m  sodar  wind  speed  measurements 
collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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RMS  WIND  SPEED  DIFFERENCE  (M/S) 


RMS  DIFFERENCE  BETWEEN 
41 OM  MEASURED  AND  PREDICTED  PARAMETER 
JUL  23  -  AUG  02,  1990  -  CHAMPAIGN,  ILLINOIS 


Figure  30.  Rms  differences  between  410-m  sodar  wind  speed  measurements 
collected  at  Champaign  and  values  estimated  from  2-  and  10-m  mast  data  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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4.3  Radiosonde  Data  Comparison 

The  similarity,  p-profile,  and  inversion  models  were  used  to  estimate  wind 
speed  or  temperature  at  several  radiosonde  measurement  heights  for  statistical 
comparison  with  the  radiosonde  data.  Fifteen-minute  averaged  in  situ 
measurements  collected  on  the  10-m  mast  were  utilized  for  the  model  inputs. 
Two-  and  10-m  data  closest  in  time  to  the  balloon  release  were  fed  into  the 
similarity  and  p-profile  models,  and  24  h  of  10-m  temperature  data  collected 
on  the  day  of  the  launch  were  required  by  the  inversion  algorithm.  The 
minimum  radiosonde  measurement  heights  used  in  the  analyses  were  50  m  for 
temperature,  200  m  for  wind  data  collected  by  the  radio  theodolite,  and  600  m 
for  wind  data  collected  by  the  Omega  Navaid  system.  The  maximum  height 
was  3000  m.  Because  of  the  comparably  small  number  of  radiosonde  flights, 
statistics  were  computed  for  only  two  time-of-day  intervals.  One  interval, 
0900  MDT  inclusive  to  1900  MDT,  represents  the  unstable  day  boundary 
layer,  and  the  other,  composed  of  the  rest  of  the  times,  represents  the  stable 
night  atmosphere.  Only  data  for  which  a  solution  was  obtained  by  all  three 
models  were  used  in  the  computations. 

The  wind  speed  statistics  for  WSMR  are  listed  in  tables  6  through  9.  The  last 
column  contains  the  number  of  radiosonde  measurements  used  in  the 
computation.  The  rms  differences  between  the  measured  and  predicted  data  are 
also  plotted  in  figures  31  and  32  for  the  day  and  night  cases,  respectively. 
Comparability  between  the  measured  and  predicted  data  was  fairly  good  during 
the  day  for  the  first  few  hundred  meters  above  the  surface.  The  rms 
differences  were  1.0  through  1.1  ms1  for  the  similarity  predictions  and 
1.1  through  1.4  m  s'1  for  the  p-profile  estimates  up  to  500  m.  Above  500  m, 
these  statistics  steadily  increased  with  altitude.  By  comparison,  the  rms  vector 
wind  differences  between  simultaneously  tracked  rawinsondes  were  found  to 
be  1.0  to  2.0  m  s1  in  a  study  by  Olsen  et  al.  [16]  Agreement  between  the 
predicted  and  measured  data  was  poor  at  all  heights  at  night. 

The  WSMR  temperature  statistics  are  shown  in  tables  10  through  13  and 
figures  33  and  34.  The  comparability  of  the  day  temperatures  predicted  by  the 
similarity  model  was  fairly  good  near  the  surface.  Rms  differences  were  .5  to 
.6  °C  up  to  200  m  increasing  to  1.3  °C  at  500  m.  These  are  comparable  to 
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the  .5  °C  rms  differences  between  simultaneous  radiosonde  measurements 
found  by  Olsen  et  al.  [16]  The  rms  differences  between  the  day  inversion 
model  predictions  and  the  radiosonde  measurements  were  3.0  °C  at  the  lowest 
heights,  but  ranged  between  1 .3  and  2.0  °C  above  800  m.  The  rms  differences 
were  smaller  than  the  similarity  rms  differences  above  700  m.  At  night,  the 
comparabilities  of  the  similarity  predictions  were  considerably  worse  than  the 
day  predictions  except  at  50  m.  Similarity  rms  differences  were  .7  °C  at  50  m 
and  3.1  °C  at  500  m.  The  night  inversion  rms  differences,  which  ranged 
between  1 .0  and  2.1  °C,  were  smaller  than  the  similarity  rms  differences  above 
200  m. 

Results  of  these  same  analyses  using  the  Ft.  Bliss  data  are  shown  in  tables  14 
through  21  and  figures  35  through  38.  Agreement  between  the  day  similarity 
predictions  and  the  radiosonde  data  was  somewhat  poorer  than  it  was  at 
WSMR.  For  the  first  500  m,  similarity  rms  differences  were  1.6  to  1.8  m  s'1. 
The  p-profile  rms  differences  at  the  same  altitudes  were  4.0  to  5.7  m  s'1,  which 
is  much  larger  than  both  the  similarity  differences  and  the  WSMR  p-profile 
differences.  Predictions  from  both  models  were  poor  at  night.  The 
temperature  statistics  were  more  comparable  with  WSMR.  During  the  day,  the 
similarity  rms  temperature  differences  were  .6  to  .9  °C  up  to  500  m.  The 
night  similarity  rms  difference  was  1.3  °C  at  50  m  and  rapidly  became  larger 
at  greater  heights.  The  inversion  rms  differences  ranged  between  1.2  and 
4. 1  °C  and  were  smaller  than  the  day  similarity  differences  above  1200  m  and 
the  night  similarity  differences  above  50  m. 

Results  of  the  Champaign  data  analyses  are  shown  in  tables  22  through  29  and 
figures  39  through  42.  The  similarity  rms  differences  of  .9  to  1.2  m  s'1  within 
the  first  500  m  were  comparable  to  the  WSMR  differences.  The  p-profile  rms 
differences  were  considerably  larger  and  are  more  comparable  with  the 
Ft.  Bliss  statistics.  Both  models  gave  poor  predictions  at  night.  The  day 
temperature  rms  differences  for  the  similarity  model  ranged  between  .9  and 
1.8  °C  up  to  500  m,  which  were  a  few  tenths  of  a  degree  larger  than  the 
Ft.  Bliss  and  WSMR  differences.  Except  at  50  m,  the  night  similarity  rms 
differences  were  much  greater  than  the  day  differences.  The  inversion  rms 
differences  were  smaller  than  the  similarity  rms  differences  above  700  m 
during  the  day  and  above  50  m  at  night. 


Another  way  to  show  the  comparability  between  model  predictions  and  the 
radiosonde  data  as  a  function  of  time  of  day  is  presented  in  figures  43 
through  46.  The  absolute  values  of  the  differences  between  the  modeled  and 
measured  data  at  600  m  were  plotted  using  data  collected  at  all  three  locations. 
Differences  of  10  m  s1  or  greater  were  placed  at  10  m  s'1  on  the  graphs.  The 
main  characteristics  shown  are  (1)  the  similarity  predictions  were  much  better 
between  0900  and  1900  MDT  than  at  other  times,  (2)  many  of  the  day  p-profile 
estimates  were  much  poorer  than  the  worst  day  similarity  estimates,  and  (3)  the 
inversion  algorithm  predictions  were  better  at  night  than  during  the  day. 

Examples  of  how  well  model  predictions  compare  with  radiosonde  data  at 
different  times  of  the  day  are  shown  in  figures  47  through  52  where  predictions 
and  measurements  for  three  sample  flights  launched  at  WSMR  are  plotted.  The 
first  sample  flight,  plotted  in  figures  47  and  48,  was  launched  during  midday 
when  the  surface  layer  is  expected  to  be  fairly  deep.  There  was  good 
agreement  between  the  radiosonde  measurements  and  the  similarity  and 
p-profile  predictions  up  to  1200  m.  The  small  gap  between  the  similarity  and 
radiosonde  temperature  profiles  was  probably  due  to  a  systematic  bias  between 
the  radiosonde  and  tower  sensors.  Temperature  predictions  from  the  inversion 
model  were  closer  to  the  data  than  the  similarity  predictions  above  1200  m. 
The  second  sample  sounding,  shown  in  figures  49  and  50,  was  flown  during 
late  afternoon.  In  this  case,  the  p-profile  and  similarity  models  provided  good 
estimates  to  about  400  m,  and  the  inversion  model  temperature  predictions 
were  closer  to  the  measurements  above  1000  m.  For  the  night  case,  plotted  in 
figures  51  and  52,  only  the  inversion  model  provided  reasonable  predictions. 
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Table  6.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  WSMR  and  data  estimated  from  2-  and  10-m  measurements 
using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 
Jul  11  -  Aug  26,  1991 


Alt  (m) 

Mean 

200 

.01 

300 

-.1 

400 

-.3 

500 

-.6 

600 

-.4 

700 

-.4 

800 

-.5 

900 

-.5 

1000 

-.6 

1200 

-.8 

1400 

-.8 

1600 

-.5 

1800 

-.8 

2000 

-1.5 

2200 

-2.2 

2400 

-2.5 

2600 

-2.3 

2800 

-1.9 

3000 

-1.4 

Wind  Speed  (m/s) 


STDV 

rms 

No. 

.01 

.0 

14 

1.1 

1.1 

14 

1.0 

1.0 

14 

.8 

1.0 

14 

1.3 

1.4 

17 

1.6 

1.6 

17 

1.8 

1.8 

17 

1.8 

1.9 

17 

1.8 

1.9 

17 

2.3 

2.5 

17 

2.9 

3.1 

17 

3.1 

3.1 

17 

3.9 

4.0 

17 

4.6 

4.8 

17 

5.2 

5.7 

17 

5.6 

6.1 

17 

5.4 

5.8 

17 

4.8 

5.2 

17 

4.1 

4.4 

17 
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Table  7.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  WSMR  and  data  estimated  from  2-  and  10-m  measurements 
using  p-profile  fit 


Data  differences  (day)  p-profile  -  radiosonde 
Jul  11  -  Aug  26,  1991 


Wind  Sneed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No. 

200 

.7 

1.0 

1.2 

14 

300 

.8 

1.1 

1.4 

14 

400 

.8 

1.1 

1.4 

14 

500 

.5 

1.0 

1.1 

14 

600 

1.2 

2.2 

2.5 

17 

700 

1.3 

2.4 

2.7 

17 

800 

1.3 

2.7 

3.0 

17 

900 

1.4 

2.8 

3.1 

17 

1000 

1.4 

2.9 

3.2 

17 

1200 

1.3 

3.4 

3.6 

17 

1400 

1.4 

3.9 

4.1 

17 

1600 

1.9 

3.9 

4.3 

17 

1800 

1.7 

4.7 

5.0 

17 

2000 

1.1 

5.4 

5.5 

17 

2200 

.5 

6.1 

6.1 

17 

2400 

.3 

6.6 

6.6 

17 

2600 

.6 

6.5 

6.5 

17 

2800 

1.0 

6.1 

6.2 

17 

3000 

1.5 

5.7 

5.9 

17 
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Table  8.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  WSMR  and  data  estimated  from  2-  and  10-m  measurements 
using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Julll-  Aug  20,  1991 


Wind  Speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No 

200 

3.8 

4.2 

5.6 

6 

300 

5.9 

5.8 

8.3 

6 

400 

8.6 

7.2 

11.2 

6 

500 

11.6 

8.3 

14.3 

6 

600 

12.0 

11.0 

16.3 

7 

700 

14.6 

12.5 

19.2 

7 

800 

16.9 

14.0 

21.9 

7 

900 

19.3 

15.4 

24.7 

7 

1000 

21.6 

16.8 

27.4 

7 

1200 

26.9 

19.9 

33.4 

7 

1400 

31.4 

23.2 

39.0 

7 

1600 

35.4 

26.6 

44.3 

7 

1800 

38.9 

30.2 

49.2 

7 

2000 

42.4 

33.5 

54.0 

7 

2200 

52.6 

36.3 

64.0 

6 

2400 

57.3 

40.3 

70.1 

6 

2600 

62.0 

44.1 

76.1 

6 

2800 

66.5 

47.8 

81.9 

6 

3000 

70.7 

51.6 

87.5 

6 
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Table  9.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  WSMR  and  data  estimated  from  2-  and  10-m  measurements 
using  p-profile  fit 


Data  differences  (night)  p-profile  -  radiosonde 
Jul  11  -  Aug  20,  1991 


Alt  (m)  Mean 


200 

.9 

300 

1.2 

400 

1.8 

500 

2.8 

600 

2.9 

700 

3.7 

800 

4.1 

900 

4.7 

1000 

5.2 

1200 

6.7 

1400 

7.4 

1600 

7.7 

1800 

7.4 

2000 

7.1 

2200 

6.1 

2400 

6.3 

2600 

6.5 

2800 

6.5 

3000 

6.2 

Wind  Speed  (m/s) 


STDV 

rms 

No 

2.5 

2.7 

6 

3.2 

3.4 

6 

3.6 

4.0 

6 

4.0 

4.9 

6 

4.5 

5.3 

7 

4.7 

6.0 

7 

4.6 

6.2 

7 

4.6 

6.6 

7 

4.8 

7.1 

7 

5.3 

8.6 

7 

5.1 

9.0 

7 

4.9 

9.1 

’  7 

4.1 

8.5 

7 

4.1 

8.2 

7 

3.9 

7.2 

6 

3.9 

7.4 

6 

3.9 

7.6 

6 

3.9 

7.6 

6 

3.6 

7.1 

6 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  11  -  AUG  26,  1991  (DAY) 


Figure  31.  Rms  differences  between  day  radiosonde  wind  speed  measurements 
collected  at  WSMR  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  p-profile  fit. 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  11  -  AUG  20,  1991  (NIGHT) 


Figure  32.  Rms  differences  between  night  radiosonde  wind  speed  measurements 
collected  at  WSMR  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  p-profile  fit. 
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Table  10.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  WSMR  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 
Mil  -  Aug  26,  1991 


Temp  (°C) 


Alt  (m) 

Mean 

STDV 

rms 

No 

50 

-.4 

.4 

.6 

18 

100 

-.3 

.5 

.6 

18 

150 

-.4 

.4 

.6 

18 

200 

-.4 

.4 

.6 

18 

300 

-.7 

.6 

.9 

18 

400 

-.9 

.7 

1.1 

18 

500 

-1.0 

.7 

1.3 

18 

600 

-1.3 

.8 

1.5 

18 

700 

-1.6 

1.0 

1.9 

18 

800 

-1.7 

1.1 

2.1 

18 

900 

-2.0 

1.2 

2.3 

18 

1000 

-2.2 

1.4 

2.6 

18 

1200 

-2.7 

1.7 

3.2 

18 

1400 

-3.1 

1.9 

3.7 

18 

1600 

-3.6 

2.2 

4.3 

18 

1800 

-4.0 

2.4 

4.7 

18 

2000 

-4.7 

2.4 

5.3 

18 

2200 

-5.2 

2.4 

5.7 

18 

2400 

-5.6 

2.7 

6.2 

18 
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Table  11.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  WSMR  and  data  estimated  from  10-m  measurements 
using  inversion  algorithm 


Data  differences  (day)  inversion  algorithm  -  radiosonde 
Jul  11  -  Aug  26,  1991 


Term) 

(°C) 

Alt  (m) 

Mean 

STDV 

rms 

No. 

50 

-2.7 

1.5 

3.1 

18 

100 

-2.4 

1.9 

3.1 

18 

150 

-2.2 

2.1 

3.0 

18 

200 

-1.9 

2.2 

2.9 

18 

300 

-1.5 

2.0 

2.5 

18 

400 

-1.3 

1.8 

2.2 

18 

500 

-1.1 

1.7 

2.0 

18 

600 

-1.0 

1.6 

1.9 

18 

700 

-1.0 

1.5 

1.8 

18 

800 

-.9 

1.4 

1.6 

18 

900 

-.8 

1.3 

1.5 

18 

1000 

-.7 

1.3 

1.5 

18 

1200 

-.5 

1.2 

1.3 

18 

1400 

-.4 

1.3 

1.3 

18 

1600 

-.3 

1.3 

1.4 

18 

1800 

-.1 

1.4 

1.4 

18 

2000 

-.1 

1.4 

1.4 

18 

2200 

.0 

1.4 

1.4 

18 

2400 

.2 

1.5 

1.5 

18 
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Table  12.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  WSMR  and  data  estimated  from  2-  and 
10-m  measurements  using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Julll-  Aug  20,  1991 


Temp  (°C1 


Alt  (m) 

Mean 

STDV 

rms 

No 

50 

.4 

.6 

.7 

7 

100 

.0 

1.1 

1.1 

7 

150 

-.3 

1.5 

1.6 

7 

200 

-.6 

1.8 

1.9 

7 

300 

-.6 

2.2 

2.3 

7 

400 

-.5 

2.4 

2.4 

7 

500 

-.5 

2.8 

2.8 

7 

600 

-.4 

3.2 

3.2 

7 

700 

-.3 

3.4 

3.4 

7 

800 

-.1 

3.7 

3.7 

7 

900 

.0 

4.1 

4.1 

7 

1000 

.3 

4.6 

4.6 

7 

1200 

.8 

5.3 

5.4 

7 

1400 

1.5 

6.2 

6.4 

7 

1600 

2.2 

6.9 

7.2 

7 

1800 

2.9 

7.6 

8.1 

7 

2000 

3.2 

8.5 

9.1 

7 

2200 

4.8 

9.4 

10.6 

6 

2400 

5.2 

10.4 

11.6 

6 
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Table  13.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  WSMR  and  data  estimated  from  10-m 
measurements  using  inversion  algorithm 


Data  differences  (night)  inversion  algorithm  -  radiosonde 
Jul  11  -  Aug  20,  1991 


Alt  (m) 

Mean 

50 

1.3 

100 

.9 

150 

.4 

200 

.0 

300 

-.3 

400 

-.5 

500 

-.6 

600 

-.7 

700 

-.7 

800 

-.7 

900 

-.7 

1000 

-.6 

1200 

-.3 

1400 

.0 

1600 

.5 

1800 

.8 

2000 

.9 

2200 

.8 

2400 

.7 

Temp  t°C) 


STDV 

rms 

No 

1.3 

1.8 

7 

1.7 

1.9 

7 

1.9 

2.0 

7 

1.9 

1.9 

7 

1.9 

1.9 

7 

1.8 

1.9 

7 

1.6 

1.7 

7 

1.5 

1.6 

7 

1.4 

1.6 

7 

1.4 

1.6 

7 

1.3 

1.5 

7 

1.3 

1.4 

7 

1.2 

1.3 

7 

1.1 

1.1 

7 

1.2 

1.3 

7 

1.3 

1.5 

7 

1.3 

1.6 

7 

1.4 

1.6 

6 

1.5 

1.7 

6 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  11  -  AUG  26,  1991  (DAY) 

3000 

-  S  I  Ml  L 

-  I NVER 


2000 


1000 


0 

RMS  TEMPERATURE  DIFF.  (DEG-C) 

Figure  33.  Rms  differences  between  day  radiosonde  temperature  measurements 
collected  at  WSMR  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  inversion  algorithms. 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  11  -  AUG  20,  1991  (NIGHT) 


_ RMS  TEMPERATURE  DIFF.  (DEG-C) 

Figure  34.  Rms  differences  between  night  radiosonde  temperature 
measurements  collected  at  WSMR  and  data  estimated  from  tower  measurements 
using  Monin-Obukhov  similarity  and  inversion  algorithms. 
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Table  14.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  Ft.  Bliss  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 

Jun  4  -  Jun  22,  1990 

Wind  Speed  ('m/s') 

Alt  (m) 

Mean 

STDV 

rms 

No. 

200 

.6 

1.5 

1.6 

27 

300 

.3 

1.5 

1.5 

27 

400 

.2 

1.7 

1.7 

27 

500 

.2 

1.8 

1.8 

27 

600 

.2 

1.7 

1.7 

27 

700 

.2 

1.8 

1.8 

27 

800 

.2 

2.2 

2.3 

27 

900 

.2 

2.5 

2.5 

27 

1000 

.1 

2.9 

2.9 

27 

1200 

.0 

3.2 

3.2 

27 

1400 

.1 

3.8 

3.8 

27 

1600 

.5 

4.0 

4.0 

27 

1800 

1.0 

4.0 

4.1 

27 

2000 

.9 

4.0 

4.1 

27 

2200 

1.3 

4.2 

4.4 

27 

2400 

1.4 

3.8 

4.1 

27 

2600 

.9 

3.6 

3.7 

27 

2800 

1.2 

3.8 

4.0 

27 

3000 

1.3 

3.9 

4.1 

27 
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Table  15.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  Ft.  bliss  and  data  estimated  from  2-  and  10-m 
measurements  using  p-profile  fit 


Data  differences  (day)  p-profile  -  radiosonde 
Jun  4  -  Jun  22,  1990 


Wind  Speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No 

200 

3.3 

2.3 

4.0 

27 

300 

3.6 

2.7 

4.5 

27 

400 

4.0 

3.1 

5.1 

27 

500 

4.5 

3.5 

5.7 

27 

600 

5.0 

3.8 

6.2 

27 

700 

5.3 

4.2 

6.8 

27 

800 

5.6 

4.8 

7.4 

27 

900 

5.9 

5.2 

7.9 

27 

1000 

6.1 

5.6 

8.2 

27 

1200 

6.5 

6.2 

8.9 

27 

1400 

7.0 

7.1 

9.9 

.  27 

1600 

7.7 

7.6 

10.8 

27 

1800 

8.5 

7.7 

11.5 

27 

2000 

8.8 

7.9 

11.8 

27 

2200 

9.5 

8.4 

12.7 

27 

2400 

9.8 

8.1 

12.7 

27 

2600 

9.7 

7.9 

12.5 

27 

2800 

10.2 

8.2 

13.1 

27 

3000 

10.5 

8.1 

13.3 

27 
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Table  16.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  Ft.  Bliss  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Jun  4  -  Jun  22,  1990 


Wind  Speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No. 

200 

3.1 

5.0 

5.9 

11 

300 

4.5 

9.0 

10.0 

11 

400 

6.2 

13.2 

14.6 

11 

500 

7.9 

17.5 

19.1 

11 

600 

9.4 

21.4 

23.4 

11 

700 

11.2 

25.3 

27.7 

11 

800 

13.2 

29.0 

31.8 

11 

900 

15.2 

32.6 

36.0 

11 

1000 

17.1 

36.2 

40.1 

11 

1200 

20.6 

43.8 

48.4 

11 

1400 

24.2 

51.2 

56.6 

11 

1600 

27.9 

58.3 

64.6 

’  11 

1800 

31.6 

65.5 

72.8 

11 

2000 

35.3 

72.6 

80.7 

11 

2200 

39.3 

79.7 

88.8 

11 

2400 

43.8 

86.9 

97.3 

11 

2600 

47.9 

93.5 

105.1 

11 

2800 

51.2 

100.8 

113.0 

11 

3000 

54.2 

108.3 

121.1 

11 
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Table  17.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  Ft.  Bliss  and  data  estimated  from  2-  and  10-m 
measurements  using  p-profile  fit  _ _ 


Data  differences  (night)  p-profile  -  radiosonde 
Jun  4  -  Jun  22,  1990 


Wind  Speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No. 

200 

4.1 

2.8 

5.0 

11 

300 

4.9 

3.8 

6.2 

11 

400 

5.9 

5.1 

7.7 

11 

500 

6.6 

6.2 

9.1 

11 

600 

7.2 

7.2 

10.2 

11 

700 

7.9 

7.9 

11.2 

11 

800 

8.8 

8.3 

12.1 

11 

900 

9.7 

8.6 

12.9 

11 

1000 

10.4 

8.7 

13.6 

11 

1200 

11.4 

9.6 

14.9 

11 

1400 

12.4 

10.6 

16.3 

11 

1600 

13.4 

11.5 

17.7 

11 

1800 

14.5 

12.2 

18.9 

11 

2000 

15.3 

12.3 

19.7 

11 

2200 

16.5 

12.3 

20.6 

11 

2400 

18.2 

12.6 

22.2 

11 

2600 

19.4 

12.8 

23.2 

11 

2800 

19.8 

13.1 

23.7 

11 

3000 

19.9 

13.5 

24.1 

11 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUN  04  -  JUN  22,  1990  (DAY) 
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-  S  I  Ml  L 
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0  2  4  6  8  10 

RMS  WIND  SPEED  DIFF.  (MPS) 

Figure  35.  Rms  differences  between  day  radiosonde  wind  speed  measurements 
collected  at  Ft.  Bliss  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  p-profile  fit. 


108 


ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUN  04  -  JUN  22,  1990  (NIGHT) 


Figure  36.  Rms  differences  between  night  radiosonde  wind  speed  measurements 
collected  at  Ft.  Bliss  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  p-profile  fit. 
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Table  18.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  Ft.  Bliss  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 
Jun  4  -  Jun  22,  1990 


Temp  (°C) 


Alt  (m) 

Mean 

STDV 

rms 

No 

50 

-.6 

.7 

.9 

27 

100 

-.4 

.6 

.7 

27 

150 

-.3 

.5 

.6 

27 

200 

-.3 

.5 

.6 

27 

300 

-.4 

.5 

.7 

27 

400 

-.5 

.5 

.7 

27 

500 

-.6 

.5 

.8 

27 

600 

-.7 

.5 

.9 

27 

700 

-.8 

.7 

1.1 

27 

800 

-1.0 

.7 

1.2 

27 

900 

-1.0 

.8 

1.3 

27 

1000 

-1.1 

.8 

1.4 

27 

1200 

-1.5 

1.2 

1.9 

27 

1400 

-1.9 

1.6 

2.5 

27 

1600 

-2.3 

1.8 

2.9 

27 

1800 

-2.5 

2.1 

3.3 

27 

2000 

-2.8 

2.2 

3.6 

27 

2200 

-3.0 

2.4 

3.9 

27 

2400 

-3.3 

2.5 

4.1 

27 
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Table  19.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  Ft.  Bliss  and  data  estimated  from  10-m  measurements 
using  inversion  algorithm 


Data  differences  (day)  inversion  algorithm  -  radiosonde 
Jun  4  -  Jun  22,  1990 


TemD 

ra 

Alt  (m) 

Mean 

STDV 

rms 

No. 

50 

-3.7 

1.3 

4.0 

27 

100 

-3.6 

1.9 

4.1 

27 

150 

-3.3 

2.2 

4.0 

27 

200 

-3.0 

2.5 

3.9 

27 

300 

-2.4 

2.5 

3.5 

27 

400 

-2.0 

2.5 

3.2 

27 

500 

-1.7 

2.4 

2.9 

27 

600 

-1.5 

2.3 

2.7 

27 

700 

-1.3 

2.2 

2.5 

27 

800 

-1.1 

2.1 

2.4 

27 

900 

-.9 

2.1 

2.3 

27 

1000 

-.7 

2.1 

2.2 

27 

1200 

-.5 

1.8 

1.9 

27 

1400 

-.3 

1.6 

1.6 

27 

1600 

-.1 

1.5 

1.5 

27 

1800 

.3 

1.4 

1.4 

27 

2000 

.6 

1.4 

1.6 

27 

2200 

.9 

1.5 

1.7 

27 

2400 

1.3 

1.4 

1.9 

27 
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Table  20.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  Ft.  Bliss  and  data  estimated  from  2-  and 
10-m  measurements  using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Jun  4  -  Jun  22,  1990 


Temp  (°C) 


Alt  (m) 

Mean 

STDV 

rms 

No 

50 

.2 

1.2 

1.3 

11 

100 

.5 

2.2 

2.2 

11 

150 

.9 

3.3 

3.5 

11 

200 

1.2 

4.6 

4.7 

11 

300 

1.7 

7.1 

7.3 

11 

400 

2.3 

9.8 

10.0 

11 

500 

3.0 

12.3 

12.7 

11 

600 

3.6 

14.9 

15.4 

11 

700 

4.4 

17.5 

18.0 

11 

800 

5.2 

20.0 

20.6 

11 

900 

6.0 

22.5 

23.3 

11 

1000 

6.7 

25.1 

26.0 

11 

1200 

8.2 

30.2 

31.3 

11 

1400 

9.6 

35.3 

36.6 

11 

1600 

11.4 

40.3 

41.9 

11 

1800 

13.3 

45.3 

47.2 

11 

2000 

15.3 

50.2 

52.4 

11 

2200 

17.1 

55.2 

57.8 

11 

2400 

19.1 

60.1 

63.0 

11 
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Table  21.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  Ft.  Bliss  and  data  estimated  from  10-m 
measurements  using  inversion  algorithm 


Data  differences  (night)  inversion  algorithm  -  radiosonde 
Jun  4  -  Jun  22,  1990 


TemD 

TO 

Alt  (m) 

Mean 

STDV 

rms 

No. 

50 

.6 

1.0 

1.2 

11 

100 

1.2 

1.6 

2.0 

11 

150 

1.7 

2.1 

2.7 

11 

200 

1.8 

2.5 

3.1 

11 

300 

1.7 

2.8 

3.3 

11 

400 

1.5 

2.7 

3.1 

11 

500 

1.3 

2.4 

2.8 

11 

600 

1.1 

2.2 

2.4 

11 

700 

1.1 

2.0 

2.3 

11 

800 

1.1 

2.1 

2.3 

11 

900 

1.1 

1.9 

2.2 

11 

1000 

1.0 

1.8 

2.1 

11 

1200 

.9 

1.6 

1.9 

11 

1400 

.7 

1.2 

1.4 

11 

1600 

.9 

1.1 

1.4 

11 

1800 

1.2 

1.1 

1.6 

11 

2000 

1.6 

1.1 

1.9 

11 

2200 

1.8 

1.5 

2.4 

11 

2400 

2.2 

1.7 

2.8 

11 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUN  04  -  JUN  22,  1990  (DAY) 


RMS  TEMPERATURE  DIFF.  (DEG-C) 

Figure  37.  Rms  differences  between  day  radiosonde  temperature  measurements 
collected  at  Ft.  Bliss  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity  and  inversion  algorithms. 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUN  04  -  JUN  22,  1990  (NIGHT) 


RMS  TEMPERATURE  DIFF.  (DEG-C) 

Figure  38.  Rms  differences  between  night  radiosonde  temperature 
measurements  collected  at  Ft.  Bliss  and  data  estimated  from  tower 


measurements  using  Monin-Obukhov  similarity  and  inversion  algorithms. 
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Table  22.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  Champaign  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 
Jul  23  -  Aug  3,  1990 


Alt  (m)  Mean 


200 

.2 

300 

-.1 

400 

-.3 

500 

-.4 

600 

-.4 

700 

-.2 

800 

-.1 

900 

.0 

1000 

.2 

1200 

.4 

1400 

.3 

1600 

-.3 

1800 

-.7 

2000 

-.3 

2200 

.4 

2400 

.1 

2600 

-.3 

2800 

-.1 

3000 

.2 

Wind  speed 

(m/s) 

STDV 

rms 

No. 

.9 

.9 

25 

1.0 

1.0 

25 

1.0 

1.1 

25 

1.1 

1.2 

25 

1.2 

1.2 

25 

1.3 

1.3 

25 

1.2 

1.2 

25 

1.4 

1.4 

25 

1.5 

1.5 

25 

1.7 

1.7 

25 

1.8 

1.8 

25 

2.5 

2.6 

25 

2.9 

3.0 

25 

2.6 

2.6 

24 

2.6 

2.6 

23 

2.6 

2.6 

23 

2.7 

2.7 

23 

2.8 

2.9 

23 

2.7 

2.7 

23 
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Table  23.  Statistics  of  differences  between  day  radiosonde  wind  data 
collected  at  Champaign  and  data  estimated  from  2-  and  10-m 
measurements  using  p-profile  fit 


Data  differences  (day)  p-profile  -  radiosonde 
Jul  23  -  Aug  3,  1990 


Alt  (m) 

Mean 

200 

2.1 

300 

2.2 

400 

2.4 

500 

2.6 

600 

3.0 

700 

3.4 

800 

3.8 

900 

4.1 

1000 

4.4 

1200 

5.0 

1400 

5.1 

1600 

4.8 

1800 

4.7 

2000 

5.4 

2200 

6.3 

2400 

6.3 

2600 

6.0 

2800 

6.4 

3000 

6.9 

Wind  speed  (m/s) 


STDV 

rms 

No. 

1.5 

2.5 

25 

1.9 

2.9 

25 

1.9 

3.1 

25 

2.0 

3.3 

25 

2.1 

3.7 

25 

2.3 

4.1 

25 

2.6 

4.6 

25 

2.9 

5.0 

25 

3.1 

5.4 

25 

3.5 

6.1 

25 

3.9 

6.4 

25 

4.6 

6.7 

25 

5.4 

7.1 

25 

5.4 

7.6 

24 

5.5 

8.4 

23 

5.8 

8.5 

23 

6.0 

8.5 

23 

6.2 

8.9 

23 

6.1 

9.2 

23 
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Table  24.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  Champaign  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Jul  23  -  Aug  2,  1990 


Wind  speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No 

200 

-.1 

3.0 

3.0 

5 

300 

.3 

3.3 

3.3 

5 

400 

1.1 

3.9 

4.0 

5 

500 

1.7 

4.5 

4.8 

5 

600 

2.0 

5.5 

5.8 

5 

700 

2.4 

6.4 

6.9 

5 

800 

3.1 

7.4 

8.0 

5 

900 

3.9 

8.2 

9.0 

5 

1000 

4.2 

8.7 

9.6 

5 

1200 

4.8 

9.6 

10.7 

5 

1400 

4.8 

10.5 

11.5 

5 

1600 

4.6 

11.2 

12.1 

5 

1800 

5.0 

12.9 

13.9 

5 

2000 

6.1 

15.1 

16.3 

5 

2200 

7.3 

17.2 

18.7 

5 

2400 

8.0 

18.7 

20.4 

5 

2600 

8.6 

20.5 

22.2 

5 

2800 

8.7 

23.0 

24.6 

5 

3000 

9.0 

25.5 

27.0 

5 
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Table  25.  Statistics  of  differences  between  night  radiosonde  wind  data 
collected  at  Champaign  and  data  estimated  from  2-  and  10-m 
measurements  using  p-profile  fit 


Data  differences  (night)  p-profile  -  radiosonde 
Jul  23  -  Aug  2,  1990 


Wind  speed  (m/s) 


Alt  (m) 

Mean 

STDV 

rms 

No 

200 

2.3 

2.3 

3.3 

5 

300 

3.7 

4.0 

5.5 

5 

400 

5.4 

5.9 

8.0 

5 

500 

6.8 

7.7 

10.3 

5 

600 

8.0 

9.6 

12.5 

5 

700 

9.2 

11.6 

14.8 

5 

800 

10.6 

13.6 

17.2 

5 

900 

12.2 

15.7 

19.9 

5 

1000 

13.3 

18.1 

22.4 

5 

1200 

15.3 

22.2 

27.0 

5 

1400 

16.8 

26.4 

31.3 

5 

1600 

18.0 

30.8 

35.7 

5 

1800 

19.8 

34.7 

40.0 

5 

2000 

22.3 

38.7 

44.6 

5 

2200 

24.9 

42.2 

49.0 

5 

2400 

27.0 

45.7 

53.1 

5 

2600 

28.9 

49.6 

57.5 

5 

2800 

30.3 

54.1 

62.0 

5 

3000 

32.0 

58.2 

66.4 

5 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  23  -  AUG  03,  1990  (DAY) 


collected  at  Champaign  and  data  estimated  from  tower  measurements  using 
Monin-Obukhov  similarity  and  p-profile  fit. 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  23  -  AUG  02,  1990  (NIGHT) 


Figure  40.  Rms  differences  between  night  radiosonde  wind  speed  measurements 
collected  at  Champaign  and  data  estimated  from  tower  measurements  using 
Monin-Obukhoy  similarity  and  p-profile  fit. 
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Table  26.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  Champaign  and  data  estimated  from  2-  and  10-m 
measurements  using  Monin-Obukhov  similarity 


Data  differences  (day)  similarity  -  radiosonde 
Jul  23  -  Aug  3,  1990 


Temp  (°C) 


Alt  (m) 

Mean 

STDV 

rms 

No 

50 

-.9 

.6 

1.1 

25 

100 

-.7 

.5 

.9 

25 

150 

-.8 

.5 

1.0 

25 

200 

-.9 

.5 

1.0 

25 

300 

-1.1 

.9 

1.4 

25 

400 

-1.2 

1.0 

1.6 

25 

500 

-1.2 

1.4 

1.8 

25 

600 

-1.5 

1.2 

1.9 

25 

700 

-1.8 

1.5 

2.3 

25 

800 

-2.0 

1.6 

2.5 

25 

900 

-2.2 

1.7 

2.8 

25 

1000 

-2.3 

1.8 

3.0 

25 

1200 

-2.8 

2.0 

3.5 

25 

1400 

-3.5 

2.2 

4.1 

25 

1600 

-4.5 

2.1 

4.9 

25 

1800 

-5.3 

2.0 

5.7 

25 

2000 

-6.4 

2.0 

6.8 

24 

2200 

-7.6 

2.2 

7.9 

23 

2400 

-8.6 

2.5 

8.9 

23 
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Table  27.  Statistics  of  differences  between  day  radiosonde  temperature 
data  collected  at  Champaign  and  data  estimated  from  10-m 
measurements  using  inversion  algorithm 


Data  differences  (day)  inversion  algorithm  -  radiosonde 
Jul  23  -  Aug  3,  1990 


Temt> 

(°C) 

Alt  (m) 

Mean 

STDV 

rms 

No 

50 

-3.7 

1.1 

3.8 

25 

100 

-3.6 

1.2 

3.8 

25 

150 

-3.6 

1.4 

3.8 

25 

200 

-3.4 

1.4 

3.7 

25 

300 

-3.0 

1.4 

3.3 

25 

400 

-2.6 

1.3 

2.9 

25 

500 

-2.2 

1.7 

2.8 

25 

600 

-2.3 

.9 

2.4 

25 

700 

-2.2 

.9 

2.4 

25 

800 

-2.0 

.9 

2.2 

25 

900 

-2.0 

.9 

2.1 

25 

1000 

-1.8 

.8 

2.0 

25 

1200 

-1.7 

1.0 

1.9 

25 

1400 

-1.7 

1.2 

2.1 

25 

1600 

-2.0 

1.2 

2.3 

25 

1800 

-2.2 

1.4 

2.6 

25 

2000 

-2.7 

1.7 

3.2 

24 

2200 

-3.1 

2.1 

3.8 

23 

2400 

-3.6 

2.4 

4.3 

23 
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Table  28.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  Champaign  and  data  estimated  from 
2-  and  10-m  measurements  using  Monin-Obukhov  similarity 


Data  differences  (night)  similarity  -  radiosonde 
Jul  23  -  Aug  2,  1990 


Temp 

ra 

Alt  (m) 

Mean 

STDV 

rms 

No, 

50 

-.5 

.8 

1.0 

5 

100 

-1.6 

2.0 

2.6 

5 

150 

-2.3 

2.5 

3.4 

5 

200 

-2.9 

2.7 

4.0 

5 

300 

-3.8 

2.8 

4.7 

5 

400 

-4.7 

3.1 

5.6 

5 

500 

-4.8 

3.2 

5.8 

5 

600 

-5.0 

3.4 

6.0 

5 

700 

-5.0 

3.5 

6.1 

5 

800 

-5.2 

3.6 

6.3 

5 

900 

-5.2 

3.8 

6.5 

5 

1000 

-5.3 

3.9 

6.6 

‘  5 

1200 

-5.5 

4.0 

6.8 

5 

1400 

-6.0 

4.2 

7.3 

5 

1600 

-6.7 

4.1 

7.9 

5 

1800 

-7.4 

4.1 

8.4 

5 

2000 

-8.2 

3.9 

9.0 

5 

2200 

-8.9 

3.9 

9.7 

5 

2400 

-9.6 

3.8 

10.3 

5 
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Table  29.  Statistics  of  differences  between  night  radiosonde 
temperature  data  collected  at  Champaign  and  data  estimated  from  10-m 
measurements  using  inversion  algorithm 


Data  differences  (night)  inversion  algorithm  -  radiosonde 
Jul  23  -  Aug  2,  1990 


Temp  (°C) 


Alt  (m) 

Mean 

STDV 

rms 

No, 

50 

-.1 

1.2 

1.2 

5 

100 

-.6 

1.4 

1.5 

5 

150 

-.9 

1.7 

1.9 

5 

200 

-1.2 

1.7 

2.0 

5 

300 

-1.8 

1.2 

2.1 

5 

400 

-2.3 

.9 

2.5 

5 

500 

-2.2 

.8 

2.4 

5 

600 

-2.2 

.8 

2.3 

5 

700 

-1.9 

.8 

2.1 

5 

800 

-1.8 

.8 

1.9 

5 

900 

-1.6 

.8 

1.8 

5 

1000 

-1.4 

.7 

1.6 

5 

1200 

-1.1 

.8 

1.4 

5 

1400 

-1.1 

1.2 

1.6 

5 

1600 

-1.3 

1.4 

1.9 

5 

1800 

-1.4 

1.7 

2.2 

5 

2000 

-1.7 

1.9 

2.5 

5 

2200 

-1.9 

2.2 

2.9 

5 

2400 

-2.1 

2.4 

3.2 

5 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  23  -  AUG  03,  1990  (DAY) 


RMS  TEMPERATURE  DIFF.  (DEG-C) 

Figure  41.  Rms  differences  between  day  radiosonde  temperature  measurements 
collected  at  Champaign  and  data  estimated  from  tower  measurements  using 
Monin-Obukhov  similarity  and  inversion  algorithms. 
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ALTITUDE  (METERS) 


RMS  DIFFERENCE  BETWEEN  MODEL 
PREDICTIONS  AND  RADIOSONDE  DATA 
JUL  23  -  AUG  02,  1990  (NIGHT) 


3000 

2000 

1000 

0 

Figure  42. 


0  2  4  6  8  10 

RMS  TEMPERATURE  DIFF.  (DEG-C) 

Rms  differences  between  night  radiosonde  temperature 


measurements  collected  at  Champaign  and  data  estimated  from  tower 


measurements  using  Monin-Obukhov  similarity  and  inversion  algorithms. 
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WIND  SPEED  DIFFERENCE  (M/S) 


ABSOLUTE  VALUE  DATA  DIFFERENCES 
SIMILARITY  -  RADIOSONDE  AT  600  M 


Figure  43.  Absolute  value  of  differences  between  radiosonde  wind  speed 
measurements  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity. 
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WIND  SPEED  DIFFERENCE  (M/S) 


ABSOLUTE  VALUE  DATA  DIFFERENCES 
p-PROFILE  -  RADIOSONDE  AT  600  M 


Figure  44.  Absolute  value  of  differences  between  radiosonde  wind  speed 
measurements  and  data  estimated  from  tower  measurements  using  p-profile. 
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TEMPERATURE  DIFFERENCE  (DEG-C) 


ABSOLUTE  VALUE  DATA  DIFFERENCES 
SIMILARITY  -  RADIOSONDE  AT  600  M 


measurements  and  data  estimated  from  tower  measurements  using  Monin- 
Obukhov  similarity. 
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TEMPERATURE  DIFFERENCE  (DEG-C) 


ABSOLUTE  VALUE  DATA  DIFFERENCES 
INVERSION  -  RADIOSONDE  AT  600  M 


HOUR  (LOCAL) 


Figure  46.  Absolute  value  of  differences  between  radiosonde  temperature 
measurements  and  data  estimated  from  tower  measurements  using  inversion 
algorithm. 
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ALTITUDE  (METERS) 


3000 


JULY  22,  1991 


1321  MDT 


RADI  0 
I  NVER 
S  I  Ml  L 


Figure  47.  Comparison  of  temperature  data  collected  by  a  radiosonde  launched 
July  22  at  1321  MDT  with  values  estimated  from  tower  measurements  using 
inversion  and  Monin-Obukhov  similarity  algorithms. 
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ALTITUDE  (METERS) 


JULY  22,  1991 


1321  MDT 


July  22  at  1321  MDT  with  values  estimated  from  tower  measurements  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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ALTITUDE.  (METERS) 


JULY  14,  1991  -  1727  MDT 


-10  0  10  20  30  40 

TEMPERATURE  (DEG-C) 


Figure  49.  Comparison  of  temperature  data  collected  by  a  radiosonde  launched 
July  14  at  1727  MDT  with  values  estimated  from  tower  measurements  using 
inversion  and  Monin-Obukhov  similarity  algorithms. 
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ALTITUDE  (METERS) 


JULY  14,  1991  -  1727  MDT 


WIND  SPEED  (MPS) 


Figure  50.  Comparison  of  wind  speed  data  collected  by  a  radiosonde  launched 
July  14  at  1727  MDT  with  values  estimated  from  tower  measurements  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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ALTITUDE  (METERS) 


JULY  14,  1991 


2310  MDT 


TEMPERATURE  (DEG-C) 


Figure  51.  Comparison  of  temperature  data  collected  by  a  radiosonde  launched 
July  14  at  2310  MDT  with  values  estimated  from  tower  measurements  using 
inversion  and  Monin-Obukhov  similarity  algorithms. 
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ALTITUDE  (METERS) 


JULY  14,  1991  -  2310  MDT 


_  WIND  SPEED  (MPS) 

Figure  52.  Comparison  of  wind  speed  data  collected  by  a  radiosonde  launcneu 
July  14  at  2310  MDT  with  values  estimated  from  tower  measurements  using 
Monin-Obukhov  similarity  and  a  p-profile  fit. 
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5.  Summary 


Little  difference  was  found  among  the  predictions  of  the  Mariah  and  two 
O’KEYPS  similarity  models.  The  statistics  of  the  differences  between 
measured  wind  speed  and  temperatures  and  data  estimated  by  the  three 
algorithms  at  4,  16,  and  30  m  using  2-  and  8-m  tower  data  were  almost  the 
same  for  each  model. 

There  was  good  agreement  between  the  similarity  model  predictions  at  4  and 
16  m  and  the  measured  data  at  all  times  of  the  day.  In  as  many  as  half  of  the 
night  cases,  no  prediction  was  obtained  because  the  algorithm  would  not 
converge  to  a  solution.  Predictions  at  30  m  agreed  well  with  the  measured  data 
during  the  day,  but  did  not  agree  as  well  at  night.  This  diurnal  variation  in 
comparability  was  much  more  pronounced  at  the  sodar  and  radiosonde 
measurement  heights.  There  was  good  agreement  up  to  several  hundred  meters 
above  the  surface  between  0900  and  1900  MDT  and  very  poor  agreement 
outside  those  times  between  the  upper-air  measurements  and  the  similarity 
model  predictions. 

Compared  to  the  similarity  predictions,  the  agreement  between  the  p-profile 
predictions  and  the  tower  data  was  almost  the  same  at  4  and  16  m  and 
somewhat  poorer  at  30  m.  The  difference  in  comparabilities  between  the  two 
models  at  the  latter  height  was  generally  the  same  at  all  times  of  day.  At  the 
sodar  and  radiosonde  heights,  the  p-profile  predictions  were  less  comparable 
than  the  similarity  predictions  during  the  day  and  more  comparable  at  night. 
The  night  predictions  were  still  considerably  less  comparable  than  the  day 
predictions,  however. 

Neither  the  day  nor  night  inversion  algorithm  estimates  agreed  very  well  with 
radiosonde  temperature  measurements  within  the  first  few  hundred  meters  of 
the  atmosphere.  The  agreement  of  the  night  inversion  predictions  was  better 
than  the  night  similarity  predictions  at  heights  above  200  m  at  WSMR  and 
above  50  m  at  Ft.  Bliss  and  Champaign. 
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Naval  Surface  Weapons  Center 
Code  G63 

Dahlgren,  VA  22448-5000 


Commander  and  Director 
U.S.  Army  Corps  of  Engineers 
Engineer  Topographies  Laboratory 
ATTN:  ETL-GS-LB 
Fort  Belvoir,  VA  22060 

U.S.  Army  Topo  Engineering  Center 

ATTN:  CETEC-ZC 

Fort  Belvoir,  VA  22060-5546 

Commander 

USATRADOC 

ATTN:  ATCD-FA 

Fort  Monroe,  VA  23651-5170 

TAC/DOWP 

Langley  AFB,  VA  23665-5524 


Commander 
Logistics  Center 
ATTN:  ATCL-CE 
Fort  Lee,  VA  23801-6000 

Science  and  Technology 
101  Research  Drive 
Hampton,  VA  23666-1340 

Commander 

U.S.  Army  Nuclear  and  Chemical  Agency 
ATTN:  MONA-ZB,  Bldg  2073 
Springfield,  VA  22150-3198 
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